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RTI uncovered privatsector users across the EO value
chain who may use or benefit from future ACCP data.

RTlInternationat, working with the NASA Earth Science Division (ESD) Aerosols, Clouds, Convection, and
Precipitation (ACCP) Applications Team, conducted this study to capture the needs and priorities of
nonresearctEarth observation (EO) data users who may be future users of ACCP data. Specifically, the goals
our Applications Study were to:

A Bring privatesector user insights to the ACCP Designated Observables (DO) team to consider when
appropriate during mission design

A.N2IFRSY b! {! Q& nodrgskashiiplicatighRbyy 3
A defining potential user communities
A summarizing their current uses of data products

A highlightingdecisionghey make using satellitbased data products (or could make with future satellite
data)

A providing limitations in terms of awareness and technical realities
A 1dentify ways in which NASA might engage with these communities
opportunities exist for EO data to improve

\ Earth Observationsocietal impacts related to energy production,

pata . agriculture, weather, health, and safety.

S, Value Chaln T?anslating data into information for dgcision

S, | TS making requires effective presentation and

Snpanies availability of the data for the specific purposes
of societal and economic goals. Traditional
users of NASA EO data have been government
and university researchers focused on

theoretical and applied sciences spanning

27

As described bYyirapongseet al?, significant

aggregators,
boundary spanners

End Users
city planners,
resource managers,
meteorologists, policy
makers, community groups,
citizens, hydrologists, investors,

sustainability managers
Actions

interviews,
metadata

e

laws and policy,

collaborations with closely related government

DATA | NFdOT{MA'II'ION KNOWLEDGE emergency preparation. _ _ _
Modes, fnayses | AND WISDOM  natural resource agencies. By expanding the user base in the
=D Decisions management, city/land . - - sl .
Services planning, investmen app|IC8.tI0nS Commun'ty W|th|n the pl’lvate
decisions sector, nonprofit organizations, and other
Outputs - .
recommendations, government entities, NASA can ensure its EO
ot orenmsts i data inform and enhance decisions on critical
surveys, A ) indices, business issues such as preventing damage to life and
remote yntheses briefings
sensing, property
field gauges,

The figure to the left, adapted froirapongse
et al., captures the EO value chain and shows
how data is transformed by users to
information, then knowledge and wisdom,
which leads to action. The RTI effort focused
on incorporating user perspectives to identify
insights and needs across the value chain.3

1. RTlnternationalis anindependent nonprofit research institute dedicated to improving the huceaition, see rti.org.
2. Figureadapted fronVirapongseA., Pearlman, F., PearimaniMurambadorg M., Kuwayamay., &GlasscogM. (2020). Ten rules to increase the societal value

of earth observations. Earth Science Informatics. 13. 10.1007/s02D45453w.
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the use of future EO data and data products.

This ACCP study was part of a broader studhich also included Mass Change and Surface Deformation

and Change that brings potential privatesector user perspectives and desires to NASA ESD DO teams to
consider for future mission designs. This study focused on understandingeseability as a key element

in usercentered design, which also considers feasibility and viability. Learning what drives users, what key
decisions they make, and how they want to access and use the type of data that the DO missions can delivel

Aa
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m Intermediaries &

EO Data Value Chain UserCentered Design

\ Desirability (this study)

RTI focused on uncovering data intermediaries
and end users who have needs and desires
that could be supported by EO data.

Feasibility
DO teams consider feasibility of
nontraditional user desires with
respect to DO mission plans and
potential data products.

Viability
ESD prioritizes mission efforts
based on potential use cases that
g2dzf R 60Sad YSSdi b! {!
value drivers.*
UserDriven

*Societal value considerations may include:

A Environmental applications that could help users make
decisions to reduce environmental damage or preserve
diminishing natural resources

A Healtht applications that can improve human health or save
lives, such as identifying heavy aerosols in the air or
providing early warnings for natural disasters

A Economic applications that could create new products or
services, avoid property damage or loss, or reduce risk of job
loss by helping companies maintain steady operations
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RTI applied a useentered approach to understand
and convey the voices of various user communities.

¢t2 SEGSYR GKS AYLI OG 2F 5h RIFIGEFZ weLQa 3I21f 61 4
types along the EO data value chain and explore their interest in using DO data for dewkiog. Our
methodology, detailed in th@&ppendix was based on a useentered design framework. This process focused
on key useicentered variables uncovering potential EO end users across multiple industries, characterizing
their needs, and learning how they use data to make decisidaselp identify and select user communities
and users. This useentered research was a pilot effort for NASA to consider best practices and methods
related to engaging and assessing needs of nontraditional prisatkpublicd S O G 2 NJ dza S N&E & ¢ K
enabled the ACCP and RTI teams to tackle the ambiguous task of uncovering potential nontraditional,
unknown users of future mission data.

UserCentered
Design
EO Data Value Chain RTI focused on data intermediaries

and end users that could enable or
make decisions based on the data.

|

Useé
|
D - &2
|
|
|

Cases
Use
Cases
Use

%E

Science and
Applications Archltecture ) Data
Traceability Matrix
Enabled
Applications

Cases
_1/ Use
Cases
d° Use
Cases
sé:

UserDriven

ESD has a rich history of engaging
the research and applications
communities, and this study
sought to expand its reach into
the applications communities.
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ACCP sought to understand nontraditional applicatior
for future data products that enhance predictions of
weather, AQand climate.

D2Ffa 2F b!{!Qa&d !//t 5h {&8&ad8Y
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precipitation and how these observations ultimately affect the atmosphere, air quality (AQ), weather,
and climate. The ACCP DO system was recommended by the National Academies of Sciences,
Engineering, and Medicine 2017 Decadal Survey as &apped, procesbased mission to address
key science objectives related to climate variability and change, as well as weather and AQ.

A The ACCP team is developing an observing system intended to jointly measure-aknogol
precipitation properties to (1) improve understanding of the processing of water and aerosols through
the atmosphere and (2) develop societal applications enabled from this understanding. The ACCP team
is considering a broad range of observing instruments and measurement capabilities, including radars,
radiometers, lidars, polarimeters, and spectrometers. ACCP will deliver integrated e
airborne, and groundbased observations fundamental to characterizing these coupled aectmaod
precipitation processes.

A Potential ACCP applications are being identified early in the mission planning, shown by the‘graphic,
to incorporate stakeholder needs in mission design and ultimately maximize the societal benefit of
0KSaS FdzidzNBE 20aSNBIGA2Yyad ¢KNRBdJZAK YAadaaArAzy RSa
in understanding nontraditional applications of these data products to the greatest extent possible.

ACCP Applications: Innovations
in Science for Societal Benefij

Tropical Cyclone
Climate Forecasting

Modelin A Numerical Weather
i pyiation ‘ A, Prediction

FEg— # ' > " k‘ v P 4"
Air Quallty Modehng
(forecasting)

. Air Quality Rules
Air Quality and Regulations
Monitoring

& ). _pknnoes 3
ACCP explores the fundamental == jP"';)d’"“
questions of how interconnections s Ecai = = 5’4{
between aerosols, clouds and : . ——r
precipitation impact public health, " ‘Hydrologic Modeling: Hydrometeorological
| weather and climate, addressing real- Water Resources, ~ Disasters: Floods,
| world challenges to benefit soaety - Agriculture, Drought Landslides

1. Image fromhttps://vac.gsfc.nasa.gov/accp/applications.htm
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ACCP and RTI collaborated to select areas of Interest,
resulting in the characterization of seven diverse user
communities.

Initial brainstorming with the ACORTled to documentation of approximately 50 potential application areas
for ACCP data. To dovaelect to our seven user communities, we prioritized applications (and relevant user
communities) based on their alignmewtth goals, objectives, and potential enabled applications outlined in

I/ /tQa {OASYyOS FyR LI AOFGAZ2Y& ¢NYOSIFoAftAGE al i
the team.! Our chosen user communities focused on commercial/prigatetor use of data products and

were selected to address specific areas of interest beyond traditional NASA outreach efforts. The following
descriptions define the scope of these communities and the user profiles and use cases covered.

User Community Description User Profiles Covered in Study Use Cases Covered in Study
A International flight planning
. Community focused on commercial passenger air trav. A Airline Meteorologist A Convection and turbulence
Commercial . . . . S . . - . L .
Aviation including meteorologists, pilots in airline companies, a A Commercial Airline Pilot prediction modeling
airline engine manufacturers. A Airport Chief Operations Officer A Volcanic ash modeling
A Urban air mobility models
Community focused on companies involved in parcel
. transport, especially those that leverage-baised A Meteorologist in Airbased .
Major - i S A Fog forecasting
[ Logistics transport modes. Includes meteorologists, pilots, and Logistics Firm A Determining safe fivin
F.-B 9's planners in logistics firms, as well as weather planners A Data Analyst for Weather Firm " g ying
Carriers : . . ) conditions for UAVs
and companies related to unmanned aerial vehicle Serving UAV market
(UAV3based logistics transport.
Community focused on consistently delivering food an A  Crisis Manager in a
&, [ oistics retail products, which are sourced from around the Regional/Global Retail Company A Allocating resources to
." Arr%s of world, to its distribution facilities and stores. Includes A Data Scientist for Weather maintain business continuity
. crisis managers, supply chain managers, and develop Services Company that Serves A Identifying disruptions in
Major Brands - L - . )
of weather products who enable business continuity Logistics and Transportation supply chains
planning. Clients

Community directly involved with improving agricultura A Growers at Small to Medium

yields through implementing EO data; includes grower Farms A ﬁﬁiggve application of farm
. . at small to medium farms; smallholder farmers; data A Data Scientist in Companies p .
3 DataDriven A . L S : . . A Mitigation of plant pests and
4 Aqri scientists enabling decisianaking in farm management Developing Agricultural Decision .
=S griculture ) SO IR . disease
,.A and agricultural practices; and data scientists in Making Platforms A Site similarity analysis of crops
smallholder advisory and financial services, large A Data Scientists in Smallholder A Crop and AQ moni):orin P
agricultural input, and agribusiness companies. Farmer Advisory Services P 9
Food Community focused on sourcing food and beverage A Monitoring alobal weather
Companies  ingredients that are found in tropical regions. The . . 99
Lo L . . Tropical Ingredient Buyer trends
Operating in  community includes growers, ingredient buyers, food o .
- . . - A Food Product Manufacturer A Monitoring micro weather
= Tropical product manufacturers, and others involved in the conditions

ﬂ ShortTerm care providers supporting them; and data scientists

Areas supply chain for food and beverage companies.

Community focused on near reine and shortterm
monitoring of AQ. Includes patients suffering from A
Health and respiratory health issues and their caretakers; health

o

Individual or Caretaker Managing Individual or cohort health
Respiratory Disease monitoring
Clinician/Health Care Provider ~ A Personalized medicine

Air Quality creating platforms that incorporate AQ, such as digital Technical Lead in Outdoor AQ A Environmental monitoring of a

Monitoring?  health platforms; eventually this community may incluc

private health insurers, public purchasers, health care Monitoring Company location
analytics companies, and charting software providers.
Community focused on stakeholders responsible for .
- X : A Solar site development and
WA, siting, developing, and operating a solar power plant. Solar Energy Service Providers financing
-‘- Solar Energy Includes hardware and software manufacturers, servic . .
g . ' : . . Solar Plant Operators A Solar site operational
providers, financiers, site developers, solar service optimization
providers, and solar plant operators. P
7
Key
1. See factors and associated analysis in the Appendix. A Intermediary

2. Note that the greater health community is investigating {@rgh exposure, from months to years to decades. A End User
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Future ACCP data products, supported by_ targeted
engagement strategies, can bring value to varied
private-sector user communities.

User Community

4
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A
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Commercial
Aviation

Major
Logistics
Carriers

Logistics
Arms of
Major Retail
Brands

DataDriven
Agriculture

Food
Companies
Operating in
Tropical
Areas

Health and
ShortTerm
Air Quality
Monitoring

Solar Energy

A

To oo P I

Key Takeaways

Safe and efficientransportationby air depends on a thorough understanding of weather conditidhg&s community

is keenlyinterested in collaborating with NASA and improving data, models, and forecastsougkght planning and

en route decisiormaking, although resource limitations from the COX{fDpandemic are affecting the ability to

partner in the near term.

Users rely on satellite data for convective storm information and to see gaps in coverage over oceans, which affect
their longhaul transoceanic flight planning. Turbulence and wind dynamics near developing convective storms are of
high interest.

Aerosol data needs for AQ interests, including volcanic ash, dust, and smoke in flying routes and on the grounc
airports, are increasing.

Vertically resolved weather data represent an opportunity to address needs of multiple growing markebaskV
andvertical takeoff and landing[TOL] aircraft) through research and development (R&D) projects. Companies in
these markets recognize current gaps in cloud ceiling, wind dynamics, convection, and precipitation data in the lower
atmosphere and may be more likely to work together to address these gaps.

These users share similar needs to the commercial aviation users (convective storms, volcanic ash and smoke data,
vertically resolved fog cloud layers above 12,000 feet), work closely with aviation users, and may have more current
bandwidth and resources to commit to working with NASA than their passenger transportation counterparts.

Because this user community almost exclusively relies on-fiarty weather data, effective engagement could occur
through technology developers in weather insights companieslueadded service providers who serve many types

of end users.

These users care most about large weather events but are starting to be interested in aerosols and AQ, mostly related
to wildfire smoke, to monitor employee health and safety.

Growers rely on data products that help inform agricultural practices. They need accurate observations of
precipitation, intensity of precipitation, conditions leading to temperature inversions, temperature, humidity, anc
wetness.

Although most growers do not consider AQ impacts, decisiaking platform developers are considering adoption

AQ data because the community is starting to better understand its relationship to crop health. They would need
surfacebased quantification of particulate matter 2.Bi}, ;) and ozone.

Students and entrepreneurship communities, often funded by large agribusinesses, serve as key drivers of novel EO
data uses in agritech and represent key engagement partners.

Food manufacturers, ingredient buyers, and growers use-teng agreements to manage demand, so laagge
seasonal weather data are important to them.

Each of these users activehonitorsweather conditions around the world, where key ingredients are grown
throughout the year.

' YRSNEGFYRAY3 6SIGKSNRAa AyFidsSyOS 2y @AStRI LINROS:
Emerging interestsenter around sustainable farming and understanding of potential impacts of climate change.

Iy

Understanding aerosol particle type and quantity is a key need, but there are also research needs to establish the
relationship between specific particle types, health outcomes, and appropriate care-t8trarcommunity

engagement could include research funding opportunities with federal environmental and public health agencies.
Although lowcost, grounébased sensors offer higiesolution and near redime data that address individual

monitoring needs, coverage of satellitesed data represents an opportunity to glean health insights for larger
populations.

Understanding the impacts of weather on aerosol movement can help improve AQ forecasting abilities beyond 2 days
(desired is 2 to 7 days out).

Historical irradiance data for a specific geographic location are used to forecast future irradiance and secure funding
sometimes hundreds of millions of dollar$o build a solar energy plant.

A significant effort i@xpendedto remotely monitor solar sites for performance issues. Conditions at a solar site
aremonitored by expensive weather stations.

This community is interested in expanding to satellite datentive accurately understand weathand AQ conditions

at specific locations and their potential effect on power generation. The community is interested in developing
forecast models and grounrgluthing satellite data products through R&D partnerships.

8
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Multiple aerosols, clouds, convection, and precipitation
observable needs are shared across user communities

RTI identified several observations and phenomena that provide value to multiple communities. Potential dat:
products related to these observations have the potential to deliver waidging impact across the

communities explored.

Aerosol Needs

Vertical

Resolution Aerosol and

Community  Aerosol Type

Commercial
Aviation

Major
'5-5 Logistics
Carriers

of Aerosol
Distribution

‘\ Logistics Arms

.’ of Major

Brands

_:éz_
DataDriven
mele®® /\griculture

"-«-

Food
-1 Companies
Operating in
Tropical Areas

Health and
ﬁ ShortTerm Air
Quality

(

Monitoring
\6/
P <8 Solar Energy

Clouds, Convection, and Precipitation (CCP) Needs

Colocated

Precipitation Temper_ature Low Clouds Convective Wwind
Weather Inversions Hazards
Data



I:DjRTI Innovation Advisors

User communities expressed a variety of specific EO
needs related to weather and AQ.

This table reflects the specific observation needs communicated by a representative selection of users within
the specified user communities, and it is meant to be an illustrative, not exhaustive, representation of needs.
wetLQa AYUGSNIASSEA NBOSEHESR GKFIG Y2a0G dzaSNJ O2YYdzy A
and groundbased sources). The aviation, major logistics carriers, health and pollution, and solar energy
communities are actively applying satellisnd groundbased aerosol and AQ data for decisioaking, but

other communities demonstrated an interest in future data use for monitoring crops and managing the safety
of employees who may be exposed to unhealthy AQ conditions.

User

. Aerosol EO Needs CCP EO Needs
Community

A Vertically resolved_ aerosol data, A Finerscale observations of precipitation intensity and improved
. focused on volcanic ash and smoke T :
Commercial forecasts of precipitation intensity and type

L A Incorporation of weather and aerosol . . .
Aviation data to improve modeling of ash and ﬁ Understanding of convective activity that may lead to turbulence

Improved observations of cloud layers with vertical resolution
smoke plumes

A Accurate observed and forecasted precipitation, including type of

A Vertically resolved aerosol data, precipitation (freezing drizzle, ice pellets, and hail)
. Major focused on volcanic ash and smoke A Cloud ceilings and depths above 12,000 feet (14,000, 16,000, and
r;-B Logistics A Incorporation of weather and aerosol 22,000 feet)
Carriers data to improve modeling of ash and A UAVs: Precipitation, convection, wind in lower atmosphere (30
smoke plumes 500 feet off the ground); accurate cloud ceiling readings in lower
atmosphere

A Surfacebased PMs
Incorporation of weather and aerosol A Accurate observation of precipitation and forecasted prediction
data to improve modeling of ash and precipitation, especially large weather events
smoke plumes

ss Logistics Arme
.’ of Major

Brands

A Accurate observations of precipitationwhat has fallen and at

A Surfacebased PMs, other what intensity

particulates in future

“*  DataDriven

Agriculture A Conditions that may lead to temperature inversions
A CQ, methane, ozone A Temperature, humidity, wind, and leaf wetness
Food .
. Improved observations of
Companies

wind/aerosol relationship (e.g., A Precipitation, humidity, wind speed, temperature, and fog data
Harmattan winds)

AR -
= Operating in

Tropical Areas

A Improved characterization of aerosol A Understanding of weather extremes such as convective activity

Health and e P and temperature inversions, which trap pollutants near the
typest specific interest in wildfire
ShortTerm smoke surface
Air Qua!lty A Surfacebased PMand other A U_nderstandlng_o_f clouderosol |n_t§ract|ons_how prec_lpltatlon,
Monitoring . wind, and humidity affect deposition and dissemination of
particulates .
particles
1 A Aerosol particle type A Accurate observed and forecasted precipitation (including
.‘.’. Solar Energy A Aerosol size distributions and vertical  precipitation type, snowpack)
A profile A Improved understanding of intermittent cloud cover

10
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There are numerous opportunities for ACCP data
products to provide impact to the private sector.

Potential Impacts of ACCP Data

w Commercial Aviation: Data may improve route planning around dangerous weather; minimize flight

cancellations and delays; and enable safer, turbuleinee flights, even across oceans.

w Major Logistics Carriers: Data may reduce delays from fog and volcanic ash and enable users to
work around weather challenges to ultimately deliver parcels on time. Data may also enable new
markets such as UAV delivery and VTOL systems to expand.

w Logistics Arms of Major Brands: Data may help users strategically equip facilities with the right

resources to serve their customers during major weather events, maintain the health and safety of

employees, and anticipate supply chain disruptions.

w DataDriven Agriculture: Data may inform users on the right seed varieties to use; types of crops to

plant; and when to plant, spray, and harvest, ultimately improving crop yields and quality.

w Food Companies Operating in Tropical Areas: Data may help communities anticipate and react to

climate change effects through novel observations.

w Health and Shoffferm Air Quality MonitoringData can help the health care community better
understand the health impacts of specific aerosols, forecast AQ crises, deliver appropriate

therapies, and implement mitigation strategies.

w Solar Energy: Data may enable increased usage and dependence on solar power, fostering long
term success and the impact that solar power delivers in the United States and other regions.

a{lraSttAGS RFGLI
and by far the most important
component of very shoterm solar
generation forecasts. Thank you for all
you do to provide high quality and
dzal 6t S RI 0 ®¢

T Grid Solutions Engineer, Private
Research Organization

GThe next big thing is UAWVall of the
logistics companies are in the business
now and working on FAA approvals.
¢KSNBET2NBZ (KSNBQa
weather data in the lower

atmosphere that will influence drone
2LISNI GA2yadé

T Meteorologist, Major AiBased
Logistics Firm

NS 6oSROKHASRI BRI §B AR R 6z

where snow, rain, wind, and heat may
affect our buildings. It provides us the
visibility to effectively deal with severe
events before they come and surprise
dza ®¢

T Global Crisis Manager,
Major Retail Brand

42S ySSR 0SUO0SNItAyla
and health. Satellite data with global

R eoyeragepvoutd peyreadily used for
KSFEOK FLILX AOFGAZ2yadé

T Clinical Researcher in Largniversity
Healthcare System

11
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Use cases within communities span new and existing
user types, offering ACCP multiple ways to engage.

The user communities and use cases covered in this report span a selection of both current users
(commercial aviation, major logistics companies, edti@en agriculture) of AC@elevant NASA program of
record (PoR) observations and potential new users of these data (logistics arms of major brands, food
companies operating in tropical areas, shtatm health monitoring, and solar energy). Among these users,

we identified a selection of existing and new use cases for future ACCP data. Placement in the below
guadrants was based on conversations conducted for this study and is not representative of entire industries.
The use cases profiled represent opportunities to engage existing EO data users with new data uses, facilitat
adoption of existing use cases for new users, or help new users create new uses for ACCP data. As illustrat:
below, the bottom left quadrant represents a current state of engagement with known users in known use
cases; the other three quadrants represent areas of opportunity where ACCP may engage and potentially
increase the impact of its data with nontraditional users. These communities and use cases are indicative of
broader impacts that future ACCP data products can bring to other communities and represent some of the
many opportunities to further engage with nontraditional users.

New Usesnclude current NASA EO data users who New-New describe new uses for ACCP data by new

identify new ways to use ACCP data and new purposes users who previously did not use ACCP PoR or other

for the data. NASA EO data.

e Site Similarity Analysis for Crops Individual or Cohort Health Monitoring

(L{J) $ : Crop and Air Quality Monitoring ﬁ Clinical Decision Support
(:I>) R Mitigation of Plant Pests and Disease Environmental Monitoring
= Forecasting Fog o Solar Site Development and Planning
S| mmp - . -@- | S

rgmmlgY Determining Safe Flying Conditions for UAVs N Solar Site Operational Optimization

International Flight Planning
+ Volcanic Ash Modeling
Urban Air Mobility Models
Known Usergncompass current ACCP PoR data users. New Userslescribe users who do not currently use
ACCP PoR data but have the potential to use it for
v known applications or uses.
@ ‘ Effective Application of Farm Inputs &, Allocating Resources to Maintain Business
? ?é .“ Continuity
Z Identifying Disruptions in the Supply Chain
(;) 4
P Convection and Turbulence Prediction Modeling Monitoring Global Weather Conditions
X -
—— Monitoring Micro Weather Conditions

KNOWN USERS NEW USERS 12
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User communities share common needs across
technical data attributes and accessibility preferences

Technical Data Needs

Although applications for aerosol and CCP data varied across user communities, many of these
communities communicated similar needs for technical data.

w Most user communities shared spatial resolution needs of less than 1 km and subhourly temporal
resolution.

w Latency needs varied across communities: the commercial aviation, major logistics carrier, and solar
communities expressed needs for consistent low latency down to a few minutes, while other
communities were comfortable with longer latency times or quick data delivery in certain
circumstances.

w Forecasting needs were shared across multiple communities, although needs varied across
communities and use cases from hourly to daily, weekly, monthly, seasonally, and yearly outlooks.

w Global coverage of data, especially in areas outside of North America and Europe, is desired across
communities.

w The Analysis and Recommendations sections provide specific technical attribute needs by community,
including spatial and temporal resolution, latency, forecasting, and coverage needs.

Data Accessibility Preferences
Users consistently expressed needs for improved data accessibility, interoperability, and ease of
integration. Data users interviewed in this study preferred the following:

A Gridded and processed data sets, even though users profiled in this study ranged in technical maturity.
The analysis and recommendations section provides specific preferred data formats and needs by
community.

A Easyto-find data sets that clearly convey the value of the product across user communities

A Groundbased data sources integrated with sateHiiased data sources

A Standardized data formats, data structures, and documentation

AwStAlLofS yR FEtSEAO0ES RIGEFET 6AGK GKS lFoAftAaAGe
A EO data sets with multiple variables that are aligned temporally and spatially

A Data with clearly labeled values and accuracy checks

13
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RTI recommends ACCP further engage with the
profiled communities via several different approaches

Engagement Opportunities

All seven communities profiled in the study demonstrated strong interest in further collaboration. Based
on feedback from these communities, RTI identified possible engagement strategies antestmort
engagement opportunities.

w Interviewees desired the following engagement strategies:

w Leveraging their expertise asdustry advisordo provide consistent feedback on data product
application and value

w Tapping existingrofessional networkgo understand community needs

w Creatingusercentered training and data product® help communities understand the
potential value of future ACCP data products

w Developingndustry R&D projectshat may lead to development of operational data products
and engaging witlentrepreneurship communitiesupported by corporate initiatives, such as
incubators and hackathon communities

w Shortterm engagement recommendations include the following:

A Deepen existing relationships with focus group participants and Ainterview;el&ping these
f SFRa agl N¥Yé¢ GKNRBAZAK O2yairadSyd O02YYdzyAOF (A
conversations with the private sector.

A Expand from existing relationships into broader community engagemedentifying and
participating in nodes of industry collaboration and congregation. Start with communities that
FNB aNRIKG YR NBIFReé&é F2NJ LI NIYSNARKALI adzOK

A Engage in joint R&D in rapidly growing markets to increase impaspecially for the UAV
logistics and solar energy communities, who expressed-tezar interest in collaborative R&D
with NASA. Users and potential partners in these emerging markets are actively looking for data
products that can help them meet those needs.

A Raise awareness about existing data produtishelp users understand and see potential
applications to their operations. NASA should review existing informational and training
material from the perspective of users in these communities, refresh or create new materials
when necessary, and then launch campaigns to raise awareness among users in{@figh
communities.

A Create communitief-practice mechanisms to engage with vakaelded service providers
RTI recommends that NASA explore ways to partner with these intermediaries in a
precompetitive manner to improve access to data and enhance modeling and forecasting
systems that will benefit many users.

14



I:DjRTI Innovation Advisors

User communities are eager to collaborate, although
engagement strategies and readiness vary widely.

User study participants across user communities consistently demonstrated interest in and eagerness to
address key industry needs through NASA engagement. Users offered a variety of potential engagement

methods, which differ in levels of effort for both ACCP and industry collaboratith@ugh not indicative of
the entire community, the selection of users we interviewed demonstrated interest in the following

engagement strategies:

4 DataDriven
?A Agriculture

Engagement Strategies
User
Professional Centered Industry Entrepreneurship ValueAdded
Community Training R&D Community Service Recommendations
and Data Projects Engagement Provider
Products
Plug into industry associations such
. Airlines for America and engage
Commercial . . ot
o through airbased major logistics
Aviation . .
carriers because the industry
currently has limited bandwidth.
Leverage professional networks to
. jointly benefit aviation and aibased
Major o
[ | Loaistics logistics users (latter have more
e bandwidth). Capitalize on rapidly
growing UAV and VTOL industry
through R&D opportunities.
- Leverage valuadded service
Logistics . - .
\‘ Arms of providers for impact across multiple
.’ Maior user communities and demonstrate
Brajn ds value of future ACCP products to the

community.

Ensure that products are discoverab
to the community, and work with
standards and documentation
working groups. Use the agritech
community as a testing ground for
new applications with help from
industry advisors.

Co'r:noosnies Disseminate training opportunities tc
- par community and communicate how
S F Operating . .
== . new products may improve their
in Tropical operations
Areas '
Engage the traditional research
Health and community and possibly consider
ShortTerm supporting environmental health
Air Qualit funding opportunities. Leverage
Monitoriny expertise from current grountbased
¢ data users and entrepreneurship
communities leveraging that data.
Capitalize on the growing solar and
s‘z Solar solar + storage market through R&D
g Energy opportunities such as grourauthing

and development of new data
products.
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D:_RTI Innovation Advisors

b! {1 Qa '/ /t 5h 0SIY IAYa 037
of weather, air quality, and climate

Weather andair quality AQ) data influence business decisions NASA currently offers negflobal, lowlatency
in almost every sector. Accurate observations and forecasts can | Products for the community at no cost. Example
| K o i . . ¢ q q | of these products include:
ay a key role in managing transportation of goods and people
piay y _g _g P 9 ) peop 1 Global precipitation measurement (GPM)
across the globe, monitoring health and safety, enabling YA2A2A2Yy Q& IANRRRSRSZ Ydzf 7
advancements in renewable energy, reacting to hazards and Iff)rovig%% gea*g[:obal precipitatior; gsti_mates
= oA = ] A x A rom to the present every 30 minutes gt
Oof A Y'I us O K. I. y.EI S Aerdsg}%FCIoh(d%,NB ® b'!{ a 100km spatial resolution,
Convection, and PrecipitatioACCP{lesignated observables

[

1 The Terra and Agua Moderate Resolution

(DO) team is working to understand the relationship between Imaging Spectroradiometer (MODIS) Aeros¢l
aerosols, clouds, and precipitation and how these observations LINB RdzOu uKFG LINEOARSA RE
. . aerosols (anthropogenic/pollution) and
ultimately affect the atmosphere, AQveather, and climate. GO2dNESE | SNRA2E A& 6y (i dzN
TheACCP DO system was recommended by the National dust)I Ct>_ver the globe at a Im spatial
resolution.

Academies of Sciences, Engineering, and Medicine (NASEM)

. P 1 Over 20 other NASA missions produce data
2017 Decadal Su_rvey as a coz_apped, procesbgsed mlss!on_ ] products related taerosolsand precipitation
to address key science objectives related to climate variability processes. End users from universities,

and change, as well as weather and AQ. government agencies, national and
international nonprofit organizations, and

The ACCP team is currently developing an observing system gir\',"e?iC:pr;ﬁfgt';sr]:fﬁatthgiriitt?yfgreﬁerﬁt”ge d
intended to jointly measure aeroscloud-precipitation society.
properties to (1) improve understanding of the processing of
water and aerosols through the atmosphere and (2) develop societal applications enabled from this

understandingThe table below provides an overview of observable priorities and anticipated measurement

approaches for ACCP data.

The ACCP team is considering a broad range of observing instruments and measurement capabilities,
including radars, radiometers, lidars, polarimeters, and spectrometers. ACCP will deliver integrated space
based, airborne, and groudohsed observations fundamental to characterizing these coupled aectmad
precipitation processes.

Aerosols Clouds, Convection, and Precipitation (CCP)

Aerosol properties, aerosol vertical profiles Coupled cloud precipitation and dynamic state for monitoring the globi

Ot.)sgr.vable and cloud properties to understand their ~ atmospheric hydrological cycle and understanding contributing proces
Priorities : -

effects on climate and AQ and cloudclimate feedback
Anticipated . . . . . . .
Measurement Backscatter lidar and multichannel, Radar(s), potentially with Doppler, with multifrequency passive
Approaches* multiangle/polarization imaging radiometel microwave and suinm radiometer

*Spacebased, with expectations of complementary suborbital field programs with more capable airborne instruments.
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ACCP is considering nontraditional applications of thei
future data products through mission design.

1/ /tQa STF2NIa oAttt o0dzAif R 2y beéndblinQdbseriatbng telhtetixod a A 2
specific science goals, including cloud feedbacks, storm dynamics, cold cloud and precipitation processes,
aerosol processes, and aerosol impacts on radiatfwiential ACCP applications are being identified early in
the mission planning, showbsy the graphic,to incorporate stakeholder needs in mission design and

ultimately maximize the societal benefit of these future observations.

ACCP Applications: Innovations
in Science for Societal Benefit

Tropical Cyclone
Climate Forecasting
i oyt Numerical Weather
Modeling Aviation .

Prediction
f E
52 ,“. _ o _*; Y
Air Quality Modeling et A

S25 Forecasting (forecasting) D-\_\

" Air Quality Rules
Air Pollutson/Air Quality and Regulations
Monitoring

ACCP explores the fundamental |
questions of how interconnections
between aerosols, cloudsand |

Human Health

precipitation impact public health, - ‘Hydrologic Modeling: Hydrometeorological
weather and climate, addressing real- ! — Water Resources, ~ Disasters: Floods,
Agriculture, Drought Landslides

Key benefits of these future data products include the following:

1 Improved severe storm forecasting and modeling decisions through an enhanced ability to observe
vertical motion in extreme storms, cold clouds, and snowfall estimates;

1 More accurate estimates of AQ from colocated temporal and vertical measurements of aerosol
distribution and properties and precipitation measurements, which may benefit disaster response and
management (e.g., wildfires); and

1 Better operational AQ forecasting from improved characterization of aerosol amounts and properties,
including measurements of aerosol optical depth, aerosol extinction profiles, absorption aerosol optical
depth, and aerosol singlecatter albedo.

¢ KNRdzZAK YA aaA applicRdbsiivhpact tEam! (Al inteeSted in understanding nontraditional
applications of these data products to the greatest extent possible. This study reflected-ceunsered

approach to understanding how a variety of nontraditionsaér communities use weather and AQ data for
business and operational decisidhl { Ay 3 LJdzN1lJ2 aSad ¢KAa addzRe | faz S
products that can enhance current and future decismoaking capabilities.
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I:DjRTI Innovation Advisors

Selected user communities and use cases illustrate
opportunities for ACCP to create greater application
Impact.

RTI engaged with a cross section of stakeholders across the value chain for each user community to
understand their dayto-day roles, their applications of weather and AQ data, and opportunities for future
data products. This report profiles a selection of users and use cases for each community. Although not
exhaustive, these profiles are meant to illustrate and lead to deeper engagement with these communities.

4

il
¥

<

K’:ﬁ:—

User Community

Commercial Aviation

Major Logistics Carriers

Logistics Arms of Major Retail Brands

DataDriven Agriculture

To I o

User Profiles

Airline Meteorologist
Commercial Airline Pilot
Airport Chief Operations Officer

To e I P>

Meteorologist in AiBased Logistics
Firm

Data Analyst for Weather Firm Servir A
Unmanned Aerial Vehicle (UAV)
Market

Crisis Manager in a Regional/Global
Retail Company A
Data Scientist for Weather Services
Company that Serves Logistics and A
Transportation Clients

Growers with Small to Medium Farms
Data Scientist in Companies
Developing Agricultural Decision
Making Platforms

Data Scientists in Smallholder Farmer,
Advisory Services

o To I> I>

Use Cases

International Flight Planning
Convection and Turbulence Predictic
Modeling

Volcanic Ash Modeling

Urban Air Mobility Models

Fog Forecasting
Determining Safe Flying Conditions f
UAVs

Allocating Resources to Maintain
Business Continuity
Identifying Disruptions in Supply Che

Effective Application of Farm Inputs
Mitigation of Plant Pests and Disease
Site Similarity Analysis of Crops
Crop and AQ Monitoring

Food Companies Operating in A Tropical Ingredient Buyer A Monitoring Global Weather Trends

5 Tropical Areas A Food Product Manufacturer A Monitoring Micro Weather Conditions
A Individual or Caretaker Managing A Individual or Cohort Health
. . Respiratory Disease Monitoring
ﬁ I\H/li?]littgﬁr?d ShorTerm Air Quality A Clinician/Health Care Provider A Personalized Medicine
9 A Technical Lead in Outdoor AQ A Environmental Monitoring of a
Monitoring Company Location
W1, Solar Ener A Solar Site Service Providers A Solar Site Development and Financing
"‘\' 9y A Solar Site Operators A Solar Site Operational Optimization
]
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Each community profile highlights a unique value
chain, set of data users, and use cases with specific
technical needs.

¢KS NBLER2NI aeyikSaAailSa weLQa SEGSyardsS SN Ayids
summaries that are intended to inform the reader of how a given community and its users currently use or
may use Earth observation (EO) data in the future. These profiles reflect the perspectives and needs of users
across roughly 50 private companies and nontraditional organizations. Although these writeups are not

intended to be an exhaustive summary of all possible data uses and use cases within the cgmmunity, thqy
LINE GARS AffdzaGNI 0AQDOS SEIFYLX Sa 2F Ll2aaAirotsS adll1SK

Each user community writeup is divided into five sections:

A TheCommunity Overviewsummarizes the community, its stakeholders, and how ACCP data may affect
the community.

A TheOrganizational Assessmegbvers 1) the types of decisions made by data users in thve community, 2)A
a0l {SK2ft RSNE f2y3 GKS @I fdzS OKFAYZ YR o0 dzaSN

A TheTechnical Assessme@2 GSNE &0l 1 SK2ft RSNAQ  S@St 27F YI (dzNA
needs, and their data attribute and format preferences.

A Use Casedemonstrate how ACCP or EO data may be used (currently or in the future) to make decisions.

A User ProfiledIN2 A RS | GLISNE2YlF ¢ 2F | LROGSYGAlLt RIGI  dz
EO data.
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I:DjRTI Innovation Advisors

/l\ Commercial Aviation

Community Overview

The U.S. commercial aviation sector is massive and complex. Before the T8ldbal pandemic, a typical

day in 2019 would find 45,000 flights shuttling 2.9 million passengers to approximately 5,000 public airports
across the country. The economic impact of this sector is estimated at $488 billion annually, constituting over
5% of the gross domestic produdtlost commercial airlines also fly to international locations, which greatly
expands the scope of geography, time, flight crew availability, and weather conditions for which they must
plan.

Selected User Profiles for ACCP Potential Use Cases for ACCP Data Products

International flight planning

Intermediaries Convection and turbulence prediction modeling

Volcanic ash modeling

Airline Airline Pilot Airport Chief
Meteorologist Operations Officer Urban air mobility models

Fog forecasting

Moving Forward with ACCP

Members of this community expressed high levels of interest in collaborating with NASA in future
development of applications to address several use cases outlined bakmpered only by the uncertainty

and downsizing that the community is currently experiencing because of the €@\gbbal pandemic.
Individual organizations in this community (e.g., airlines, data service providers) could become collaboration
partners. There are also convening bodies, such as the A4A, through which a broader collaboration could
develop.

RTI identified five use cases that can serve as opportunities to collaborate with the aviation community to
deliver improved solutions derived from EO data: (1) international flight planning, (2) convection and
turbulence prediction modeling, (3) volcanic ash modeling, (4) urban air mobility models, and (5) fog
forecasting?

22
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/l\ Commercial Aviation

Organizational Assessment

The commercial aviation user community is already highly dependent on weather data on a daily and hourly
basis for safe and reliable transportation of passengers and crew. This community is actively experimenting
with a variety of data sources and reporting measures and is eager to collaborate with NASA or anyone else
who can provide improved data or data products. The need to understand AQ/aesdat@d conditions is
increasing but is not at a similar level of critical need as weather conditions. Each flight represents a series o
planning steps and decisions that must be made.

Decisions that airlines make that incorporate weather and AQ data include:

1 Planning Weather data are used to inform decisions at national scale and regional scale (meaning a
multiple-state area) on alterations to flight schedules and flight paths. Forecasts are used to determine if
flights will need to be canceled, delayed, or reroutgareferably far enough in advance (&6 hours) to
minimize the effects on passengers and crews.

1 Dispatch Each airport terminal has to make decisions about whether a flight can depart on time, arrive,
or be rerouted. Local weather and AQ conditions play a major factor in this deaisikimg.

1 Enrouta While en route, pilots rely on groudaased radar, satellitbased data, and sensors on nearby
aircraft to understand the weather and AQ conditions in which they are flying. Course corrections to fly
above storms and route around turbulent areas have effects on timely arrival and fuel consumption.

Theairline, in conjunction with air traffic control advice from the Federal Aviation Administration (FAA),
makes decisions about taking off and landing. Althcaighorts are distinctly separated from this decision
making, airport operations crews have their own set of needs and decisions to make based on weather
conditions. Of primary importance is lightning in the vicinity. Lightning presents a risk to aircraft fueling
operations; fueling is halted for a specific time frame, typically 12 to 15 minutes, when lightning is spotted
within a defined radius of an airport, typically 3 to 5 miles. The threat of high winds will set airport and
airlines crews in motion to secure or store aircraft and other grebasged equipment.
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/l\ Commercial Aviation

Organizational Assessment (cont.)

Aircraft engine manufacturergre increasingly interested in AQ and aeresthted conditions for their

products because most major engine manufacturers have shifted their business model away from selling the
physical product of an engine to selling reliable hours and use of that engine. This shift means that the
engine manufacturer still owns the engine and is responsible for all maintenance and repair necessary to
keep the engine operating reliably and safely. As a result, these manufacturers are tracking the flight paths of
every engine on every flight. They are increasingly interested in the conditions through which their engines
are flying. Volcanic ash, sand, dust, and ice crystals present conditions that may trigger additional repairs or
maintenance; thus, the ability to better identify those conditions and fly around them is of great interest to
these manufacturers.

Given the criticality of weather data to safe and efficient operations, it should be no surprise that this set of
users is very familiar with weather data sources, formats, and applications and very open to exploring new
data sets, data products, and increased levels of forecasting accuracy that may be available in the future.

b! {1 Qa Odz2NNByYy(d LINZPINIY 2F NBO2NR o0t2w0 Aa NBfFGA
a valuable, trusted partner. New and better data and data products that can improve knowledge of weather
and AQ conditions could have a significant positive effect on this community.

Data are collected from satellite Intermediaries integrate data from Users in this community include airling
sources (e.gNational Oceanic and government and groundbased sources| | pilots, airport chief operating officers,

I GY2aLIKSNAO ! RYA y|A ddicheatdival@eadded products for the | | and aircraft engine manufacturers.
[bh! !t Qae DS2aidl A7y khiaion comiBuNidy. idess A lthis Each user is highly interested in
Environment Satellite [GOES] and community include airline weather data, and some expressed
NASA's ISSightning Imaging Sensor),| | meteorologists and valuadded increasing interest in applying AQ data
from groundbased radar, and from in service providers. lllustrative exampleg | to their decisioamaking. Users

flight weather observations. Satellite of firms active in this community that interviewed by RTI expressed a high
data are fed to the National Weather enable customized mapping and level of interest in collaborating with

{ SNIBAOSQ& o0b2{ Qa0 |{gtaphids afe ABiSVeathsEhaRn®l} & |G NASA in future endeavors.
Network and viewed in the Advanced Jeppesen, Sonalysts, Pivotal Weathel,
Weather Interactive Processing Systefn| Weather Bell, Cirrhus Lighter, and
via the National Hurricane Center, Tropical Tidbits.

Aviation Weather Center, or other
proprietary display or data systems.
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/l\ Commercial Aviation

Technical Assessment

The safe and reliable operation of a single plane is a highly technical marvel. Scaling that effort up to safe an
reliable global operation of all commercial aircraft is a highly complex technical operation, requiring close
coordination among airline planners, airline meteorologists, regional operations centers, FAA air traffic
control, and local airport operations. Understanding current and forecasted weather conditions at each
airport location and along each flight path is critical to the successful operation and safe transport of
passengers and crew. This set of users is already highly dependent on weather data on a daily and hourly
basis, is actively experimenting with a variety of data sources and reporting measures, and is eager to
collaborate with NASA or anyone else who can provide improved data or data products.

Weather and AQ data are consumed from a variety of sources: satellites, gbased radar, and even the

aircraft themselves. Despite the richness and variety of data currently available, this community has
articulated clear needs. Latency of data was mentioned many times and varies by application. For
understanding fastoving convective storms, rerouting around turbulence, or adjusting-tange flight

plans, latency in minutes is desired. For other applications related to ozone or volcanic ash, much lower
latency is acceptable. Spatial resolution needs to follow a similar pattern, in which tens of meters is desired
in urban areas near airports and 1 km resolution is acceptable in less dense areas. Easier integration of data
sets from different sources to formulate a global view is desired. Examples are summarized here and
SELI YRSR 2y Ay (G(KS a'!'as /1 asa¢ asSdirzyo

Improved localized weather forecastirngCurrent forecasts on convective storms are insufficient for

predicting actual conditions in very localized settings, such as a specific airport. For example, a categorical o
statistical risk outlook or broad forecast from the NWS that overly generalizes threat, region, or timing might
be insufficient for minuteo-minute flight planning and operations (i.e., 40% of thunderstorms in a large

region this afternoon). Airline meteorologists want to give a very specific forecast to their flight crews and
groundbased operations in the path of the storm and, thus, have to create their own forecasts using a
variety of data products to deliver the desired spatial and temporal fidelity.
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/l\ Commercial Aviation

Technical Assessment (cont.)

Convection and turbulence prediction modelimgTurbulence in flight presents potential hazards to
passengers and crew. The community desires improved understanding of convective activity that leads to
turbulence and better prediction of turbulent areas along flight paths. Understanding convective activity is a
very challenging issue given the dynamic nature of the conditions that lead to turbulence.

International flight planning Longhaul flights across the Pacific Ocean have very little data to predict
weather conditions along the flight path or detect meaningful changes in the conditions that could adversely
affect the flight path (e.g., high winds that increase fuel consumption, convective storms, turbulence
conditions). Unlike domestic flights, these transoceanic flights do not have gitmaset radar feeds to assist
them, nor are there a meaningful number of other aircraft in the air to serve as weather sensors. Thus,
satellite data that address global conditions becomes the most important data asset to help the flight crew
and air traffic controllers.

Volcanic ash modelimg+ 2t OF yA O FaK OFy Ol dzaS aA3ayAFAOryld RLIY
avoid any area assumed to have airborne ash. Users interviewed for this project believe current models are
too conservative and would benefit from the integration of timely data from satellites. Better

characterization of the plume, its direction, and change over time is desirable.

Urban air mobility models NS¢ | ANONJ ¥4 (y26y & aGFANI GFEA&E 2N
(eVTOL), are expected to enter the market in the next few years and create a new alternative to-ground
based transportation (taxis, buses, personal vehicles) for sfisthnce transport. Weather data, particularly

a deeper understanding of wind and turbulence dynamics in urban environments, are critical to the
successful launch and expansion of this new mode of transportation.

Several notable technology trends and developments may positively inflfartber adoption of weather

data. Significant efforts are underway to develop more advanced algorithmgdtmmswide information
management and planning systems. Similarly, developments are underway to explore turbulence detection
dzaAy3 LI aaArAg@sS aeaidisSvya Ay GKS O201LAGP {eyGKSGAO
through fog and other limited visibility conditions. Several users commented that climate change is leading to
more disruptive storms, more turbulence, and more conditions that create wildfires.
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/l\ Commercial Aviation

Use Cases

Within this community, users may leverage EO data in a range of use cases to enhance current and future

decisionmaking capabilities. Examples of use cases within this community are as follows:
A International flight planning

A Convection and turbulence prediction modeling

A Volcanic ash modeling

A Urban air mobility models

A Fog forecasting (covered in the Major Logistics Carriers section)

International flights rely on satellite data to avoid convective storms and turbulence.

Pilots have a critical need for #p-date and accurate information on the weather and AQ conditions into which they are flying.

Getting upto-date and accurate information becomes increasingly difficult fordomgl international flights, especially oviarge bodies of
water, such as the Pacific Ocean. Flying over land, especially U.S. geographies, provides the benefit of extenshasgdvaddr systems. In
contrast, flying over the Pacific means pilots are operating with significantly less information and are increasinglyrretigitite systems
for up-to-date changes.

The contrast to domestic flights is significant. With domestic flights, other aircraft in the vicinity or those that fieaw igioies earlier in the
day, serve as data souraesn combination with radar and satellite datao characterize storm fronts and turbulence. With oceaossings, a
smaller number of planes are traversing a larger geographic space. Improved access to data before and during trangbd¢eailciftiprove
flight planning and may become the differentiator between operating the flight nonstop, forcing an unexpected stop, angahnedlight
altogether.

Improved convection data are critical for accurate turbulence prediction models that ens
smooth, safe flights.

Turbulence and visibility are two of the greatest concerns to pilots. Turbulence is hard to predict; is difficult to;idedtifgn lead to
uncomfortable, sometimes injurgausing, flying conditions. Pilots want to better predict when and where turbulence will afippeovide a
smoother flight and minimize the risk of injury to passengers and crew. Airline meteorologists and flight planners wantte goidance
regarding altering flight paths to avoid convective storms. Current industry norms of 5 to 20 miles are artifacts fromhémekata were not
as readily available. The impact of wind on urban environments, especially around airport terminals, is of great interest.

Airlines are trying to find ways to deliver better information to pilots in the air about the turbulent conditions ahelaemfExamples of
current efforts include:

A Creating irhouse turbulence data tools incorporating grid data and meteorologist input;

A Testing service provider products such as Turbulence Aware, which creates an index for absolute turbulence (rathentham relyi
subjective input from pilots); and

A Sending pilots nowcasts for graphical turbulence guidance to give pilots representation of cobvamedrturbulence modeling.

What pilots want most is higresolution, 3D models of wind and turbulence, but several challenges are associated with prthigligge of
data. One is constructing eay-interpret data that require minimal bandwidth when uploading to an aircraft. Another is cteiaiog
turbulence readings beyond where airplanes currently fly. Data beyond that captured on aircraft en route are limited. tMokatacterize
hightrisk areas cannot be validated because planes should not fly into those areas.

Lire

27



Ij—_RTI Innovation Advisors

/l\ Commercial Aviation

Use Cases (continued)

Volcanic ash is the greatest AQ concern expressed by airlines and pilots; improved data and
modeling are needed.

Volcanic ash is consistently cited as the greatest AQ concern for airlines and pilots. Particles from volcanic ashsmioesasenage to
aircraft engines, resulting in potential risk of performance issuesfligiat. VVolcanic ash is an irregular occurring issuéwhen volcanic
activity occurs, it can have a significant and Kamging effect on flight planning in and around the affected regions.

Currently, airlines rely on data and models provided by the Volcanic Ash Advisory Centers (VAAC), a collection of siqemoeirigrthe
globe. The VAACs are responsible for monitoring volcanic activity and generating volcanic ash advisories when volgenicactivi he
VAAC is a partnership between NOAA and the International Civil Aviation Organization.

The current tools and models used for tracking the spread of volcanic ash are generally considered overly conservatkiegaindelecuracy
and latency, thus leading to unnecessary levels of cancellations. More accurate data and models would help improvedbifeeaste and
movement of the ash. Airline meteorologists stated that determining the concentration of airborne ash based on currentisuiffielsit.
They desire a way to independently verify ash concentration. Improvements would help minimize the disruption to air traffic.

For example, the ash concentration models used during the 2010 Iceland eruption did not quickly incorporate new satelisdiairs to
portray the evolving size and shape of the plume. Days later, satellite data and direct observations in air at seveeaicaltifumed a
perfectly clear day over central Europe, yet the entire European airspace was closed. Ash concentration models, validegatheyd
updated by groundruthing and satellite input, would be considered a major improvement.

aCfedAy3d G(GFLEA&E YR 20G4KSNJ x¢h[ GSKAOf Sa | Yl
and turbulence in urban areas are critical to successful launch and expansion of this ney moc
of transportation.

The commercial aviation industry is expanding in new directions. Most notable is the rapid growth of investment in urizbiligirvehicles.
Known by many namesflying taxis, eVTOL, etcthese aircraft are electric powered and deploy VTOL maneuvers that enable theketoff
and land quietly. These new types of aircraft will be deployed in the next few years, perhaps as early as 2024. Appliadiostiuttles to
and from airports and intraity transport as an alternative to taxis, buses, and other grelesed transportation.

Many unknowns must be resolved before effectively introducing and expanding the market for these aircraft. Users in thaitonited a
need for a deeper understanding of wind, turbulent conditions, and other weather phenomena in urban environments. Imptesatida
models are needed to manage flight routing and optimization to provide safe and efficient transportation. Spatial resolhgotens of
meters is desired for this use case and will require integration of grivaiseéd and satellitbased sensing. Developing soluisoto harness
wind and turbulent conditions in urban environments is seen as critical to achieving the full economic impact that unfaioiliayr promises.
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Airline Meteorologist

User Community:
Commercial Aviation

Who are they?

Certified meteorologist, background
and education in meteorology

Intermediaries

Airline Meteorologist

Who do they work for?

Major airlines employ teams of
meteorologists to provide weather
and AQ decision support in the form
of guidance, alerts, and
recommendations.

Gt NEBRAOGAY3 02y @
really troublesome. We need
Y2NBE AYTF2NXI GA2Y
O2yRAUA2Y & NS N
convective storms. Accurately
LINEBRAOGAY3I GKS
duration, location is a nire
FAIdAzZNE 2 LILJ2 NI dzy A

a

T Director of Operations Center
for Major Airline Carrier

I:DjRTI Innovation Advisors

Airline meteorologists are avid users of a
variety of sources for weather and AQ data;
they are eager to collaborate with NASA.

What decisions are they making (and how) today?

Airline meteorologists provide support to a variety of internal
customers, including national and regional operations centers, flight
planning teams, flight dispatchers, ground crews servicing aircraft, and
pilots.

Data products in use include satellite data, fed through government
systems, and commercial products that enable customized mapping and
graphics. Data available from sources like these, coupled with input
from groundbased radar, satellites, and the aircraft themselves, provide
a high level of actionable insights across North America.

Weatherrelated planning horizons tend to be in thetd 12-hour

range, with the exception of major weather events, such as hurricanes,
tropical storms, and large winter storms. These are large,-showing
weather events that are tracked and forecast days in advance. If
weather or AQ issues are going to force a cancellation or delay, the
airlines want to be able to make that call as early as possible to direct
passengers to best alternatives.

Do they have experience with EO data?

Airline meteorologists are mature, avid users of a variety of data sources
for weather and AQ data. They are able to interpret data products at a

S .@Vﬁey\l%g (leyels 2 any3) or lexerage these data to develop their own

in-house weather forecast models, such as thunderstorm or wind
S wiik s
A Whdt o tHe§ Edre about?

¥ @irIQI g\%eorgkxg'@tgaie primarily concerned with tracking and
predicting weather phenomena.

 Wether phenomena of the highest impact to airline operations include
convective storms, precipitation, wind and turbulence, lightning, and
fog. Storms affecting flight routes and storms within 60 miles of airports

are two areas of focus.
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that isimpactedby weather
more thanaviation®d €

T Director of Operations Center for
Major Airline Carrier
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extreme weather based on
where we fly. Hubs like San
FranciscpChicago, Houston,
and Newark are uniquely
impacted by weather
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T Meteorologist for Major Airline
Carrier
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What are their technical needs?

The quality, quantity, and fidelity of data greatly decrease outside of
North America, specifically over oceans and in other countries. This is a
big concern and area of opportunity with this community. Airline
meteorologists want more and better data to predict convective storms
and turbulence, |nclud|pégj roved spatial resolution of wind

cohﬂoﬁe‘n‘ltga%&'ﬂﬂg‘u Sakid¥Ein and around urban

environments.

What would motivate them to use NASA EO data?

Airline meteorologists already use NASA data. Users in this community
have a high level of interest in collaborating with NASA, and some have
collaborated with NASA in the past.

What are their adoption barriers for using NASA EO data?

Adoption barriers noted by these users include difficulty of integrating
data integration from various data sources, plus limitations on latency
. for trackmgS convective storms and turbulence. These barriers currently

E it Rewt Bse &F RASA EO data.

What are they afraid of?

Commercial airlines are heavily dependent on understanding weather
and AQ conditions to operate smoothly and safely. These companies
rely heavily on their meteorologists and the tools and data they use to
provide the best insights possible to ensure safe operations for
passengers and crew.

What do they NOT care about?

AQ is a lesser concern, but areas of interest center around volcanic ash
and ozone. Volcanic ash can harm a jet engine. Ozone levels inside the
aircraft must be monitored to stay within federally mandated limits. The
ozone level is more of an issue with aircraft flying at altitudes above
28,000 feet.

What are some key use cases?
A International flights over oceans
A Turbulence insights

A Volcanic ash

A Urban air mobility models

A Forecasting fog
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Commercial Airline Pilot

User Community:
Commercial Aviation

Who are they?

Airline pilots are end users of
weather and AQ data provided by
airline meteorologists, and they bear
the ultimate responsibility for the
safety of passengers on their
aircraft. Many join commercial
airlines after a career as a military
pilot.

Intermediaries ﬂ

Commercial Airline Pilot

Who do they work for?

The airlines for which they fly
employ pilots.

a hy [I-hadl figyit At the
margins of an aircraft's range
capability, an en route flight

time difference of 115

minutes due to strong winds,
convective weather avoidance,
etc. could easily be enough to
cause that flight to replace

paying customers with fuel, or
y20 2LISNIGS FaG |

T Meteorologist,
Major Airline Carrier
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Airline pilots rely on satellt@nd ground
based weather and AQ data throughout
each flight to avoid convective storms and
turbulence.

What decisions are they making (and how) today?

Pilots, in conjunction with grounbdased air traffic controllers, must
make decisions throughout a flight about any changes to the flight path
that will avoid convective storms or turbulence. Decisions to land the
plane early, and where to do so, also are made by the pilot. Data
available in North America, from government and private sources,
coupled with input from groundbased radar, satellites, and the aircraft
themselves, provide a high level of actionable insights for pilots.
Planning horizons for weather data range from a few hours before
domestic U.S. flights to several hours before international flights.
Planning horizons shift to minutes while in flight; pilots have a critical
need for upto-date and accurate information on the weather and AQ
conditions into which they are flying.

Do they have experience with EO data?

Pilots are consumers of gridded, highly processed weather and AQ data
which are essential for the smooth and safe operation of each flight.

What do they care about?

The quality, quantity, and fidelity of data greatly decrease outside of
b2NIK ! YSNAOI S &aLISOAFTAOItEteEe 2@SN
need for upto-date and accurate information is satisfied for most
domestic U.S. flights but becomes increasingly difficult to address with
long-distance flights, flights over large bodies of water, flights in and
around storm fronts, and flights encountering freezing conditions and
fog.

Pilots and technology developers at airlines and service providers are
working on improving data products to use in the cockpit during a flight.
New products are being developed for use in avionics systems in
cockpits and on portable devices, such as tablets that can be placed in
the cockpit. These products deliver information to the pilot. In some
cases, the tablet is used as a sensor to share data such as turbulence
éBSurements back to airline operation centers and with other aircraft
in the vicinity.
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Commercial Airline Pilot

¢ What are their technical needs?

Turbulence and visibility are two of the greatest concerns to pilots.
Turbulence is hard to predict; is difficult to identify; and can lead to

GLY I OOdzNI S U dzND|dzfinSoyhfortableR $olmetime® InjMrgausing, flying conditions. Pilots want

cause significant injuries to crew
and passengers and can
dzft GAYFGSt@& t2a8$

T Strategy Director,
Major Airline Carrier

to better predict when and where turbulence will appear to provide a
smoother flight and minimize the risk of injury to passengers and crew.

dzRilot®Halsa \Gapt yolinggreband any visibility constraints related to fog as
they approach a landing site.

What would motivate them to use NASA EO data?

Pilots would value improved data assets that address localized
convective, turbulent, and foggy conditions.

What are their adoption barriers for using NASA EO data?

One of the technical hurdles during flight is receiving Hidality data
as a small file size in the cockpit.

What are they afraid of?

Pilots are afraid of unpredictability of weather or AQ conditions and
how that can affect the safety of passengers and crew.

What do they NOT care about?

t Af20a 3IASYySNItfe IINB y20 AyiSNBa
products. However, they want to have a strong voice in how those new
data products will be used in the cockpit.

What are some key use cases?
A International flights over oceans
A Turbulence insights

A Volcanic ash

A Urban air mobility models

A Forecasting fog
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Airport Chief
Operations Officer

User Community:
Commercial Aviation

Who are they?

The chief operations officer of an
airport oversees all of the operations
for which the airport is responsible:
primarily runway and terminal site
maintenance and development. This
is distinctly different from airline
operations. Airlines are responsible
for the safety of their passengers,
equipment, and crews. Airlines work
closely with the FAA, air traffic
controllers, and their internal
meteorologists and staff to make all
decisions, including flight planning,
delays, cancellations, rerouting, and
deicing.

Intermediaries

Airport Chief Operations
Officer

Who do they work for?

They are members of the leadership
team of an airport, likely reporting
to the CEO/president.

I:DjRTI Innovation Advisors

Airport operations teams focus on the
safety of grounebased crews and
equipment and actively monitor lightning
conditions that can halt fueling operations.

What decisions are they making (and how) today?

Airport operations are less sensitive to weather conditions than airline
operations. Aside from major weather events, such as hurricanes or
snow/ice storms, airport operations teams are monitoring one critical
weather phenomena: lightning. Lightning detected within-enide

radius of the airport triggers a halt to any aircraft refueling operations.

Airport operations centers monitor weather data separately from
airlines and air traffic controllers.

Do they have experience with EO data?

These users are daily consumers of EO data via intermediaries. Weathe
data sources include NWS, National Hurricane Center, and the Weather
Channel.

What do they care about?

When lightning is detected, the airport notifies the airlines, who then
notify their refueling crews to stand down. Refueling crews must wait a
mandatory period of time (typically 12 to 15 minutes) before returning
to work. Any new lightning strike resets the clock. In the summer, and at
busy airports, the refueling delay begins to prevent numerous aircraft
from taking off, which blocks gates and keeps other aircraft from landing
or from approaching gates after landing.

High winds associated with tropical storms or hurricanes (over 40 mph)
prompt airport operations to activate emergency response plans, which
include securing or moving grousiased vehicles. The planning horizon
time frames used by airport operation centers are in minutes because
their focus is primarily on lightning in the vicinity.
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Airport Chief
Operations Officer
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increasing insurance risks and

premiums. High wind and hail

are two of our greatest
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T Vice President,

Environmental Affairs,
International Airport

"Improved lightning detection
can make the difference between
passengers waiting ten minutes
and three hours."

T Chief Operations Officer,
International Airport
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What are their technical needs?

Current NWS forecasts and terminal aerodrome forecasts (TAFs) are not
always sufficient to address the particular needs of a given airport. For
example, mountainous terrain makes it difficult to predict summer
thunderstorms in Denver. The users desire improved models of winds
an@dh Yioé cldudidight, lightning data, and temperature. They want
better spatial resolution that provides a highly localized view of
convective and lightning activity around the airport region.

Jy What would motivate them to use NASA EO data?

Tools to better predict or track lighting activity would help reduce
operational delays. Users in this community have a high level of interest
in collaborating with NASA, and some have collaborated with NASA in
the past.

What are their adoption barriers for using NASA EO data?

Users rely primarily on raddrased data. EO data that complement or
improve on local radar would increase adoption.

What are they afraid of?

Risk of injury to ground crews and damage to aircraft and ground
support vehicles are their primary concerns.

What do they NOT care about?

AQ data are not in high demand at most airports. Airlines are
responsible for their own emissions and for visibili®jated takeoff and
landing decisions.

What are some key use cases?
A Turbulence insights

A Urban air mobility models

A Forecasting fog
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BERA Major Logistics Carriers

Community Overview

Logistics carriers are in the business of transporting parcels quickly and reliably all around the world. Parcel
shipping was a $317 billion business in 2018, with 87 billion parcels shipped around the world, and the
'YAGSR {dFGSa KStR 2dzad 2 @SN I (RedIIRgiIsHCE coinpadies ¢ 2 NI
rely on a combination of airsea, and landbased transportation modes to gparcels tothe intended
NEOALIASYy(Gad LY GKAA AYRdAZAGNERI GAYS Aa Y2ySed ¢AY
and future businessAs UAV technology and regulations evolve, these companies are looking to UAVs as an
approach to parcel delivery. This nascent UAV market was sized at $642 million in 2019 and is projected to
grow to $7.4 billion by 2027.These companies must work around weather and AQ challenges to get their
cargo to its intended destination, so they need higlality data products to help them accurately assess
safety threats and strategically invest resources to deliver on time. Any delays to their operations cost them
time, fuel, and their reputation.

Selected User Profiles for ACCP . Potential Use Cases for ACCP Data Products

Fog forecasting

Intermediaries Determining safe flying conditions for UAVs

International flight planning

Data Scientist in Weather
Insights Company Serving
UAV Market

Meteorologist in AirBased
Logistics Firm

Convection and turbulence prediction modeliﬁg

Volcanic ash modelidg

Moving Forward with ACCP

This user community avidly uses EO data febaged applications and appears to actively look for ways to
AYLINPOGS AlGa FoAftAdGe (2 Fte FNRdzyR AyOf SYSyid oSt
convective events and weather events at a variety of elevations, such as low clouds, high clouds, and fog, wi
enable this user community to better navigate weather challenges that affect parcel deDegg/coverage

in higher latitudes will help companies operating in many of their northern hiiindased carriers often

work closely with commercial airline providers, in organizations such as Airlines for America, to collectively
improve the safety of air transport. Engagement with these collaboratives may enable greater evaluation and
adoption of NASA data in d&gy-day flight activities.

1. Statista. (2019\ovember §. 87 billion parcels were shipped in 2018. https://www.statista.com/chart/10922/gstnggdingvolumeand-parcetspendin-
selectedcountries/ 36

2. Fortune Business Insights. (n.d). Drone package delivery market size, share-&303@pé#0t analysis by type, by package bizenduse, and regional
forecast, 202€2027. https://www.fortunebusinessinsights.com/drepackagedeliverymarket104332

3. See aviation user community.
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Major Logistics Carriers

Organizational Assessment

Logistics firms are interested in understanding weather phenomesspecially related to air travelthat

may affect their abilityo deliver a parcel to its specific destination at the predicted tirikhough most
major parcel carriers use aa@nd landbased modes to transport parcels, their dispatching and operations
sections are siloed and use different data products to manage weatiated threats. The aibased side,
led bymeteorologists operates in a network communications center that coordinates with internal
stakeholders, such as flight dispatchers, operations coordinators, and pilots, as well as external stakeholders
such as the FAA. They rely on a number of weather products and information, includingpasggtsystems,
to create quickly consumable data sets for these end users. Although they navigate Hagersk
environment, their technical background enables them to try and evaluate new data products. Grased
transportation arms are more likely to rely on inexpensive tpeadty providers and communication with
other drivers to monitor weather conditions.

Many logistics companies are currently looking to UAVs as a means of delivering parcels. As FAA and airspa
policies are changing to accommodate the possibility of 0&8d delivery mechanisms, weather products
suited for the needs of commercial drone pilots are required. Because these aircraft are very small and fly at
significantly lower altitudes than airplanes (<1,000 feet), they are prone to being taken off course by strong
winds.Data scientists for weather insights companies serving UAV marketswide forecasts and guidance

for UAV operators, but logistics operations centers may incorporatetdifdred weather forecasts in the

future.

Air-based firms monitor storms and convective activity that affect the plane in flight, as well as fog, wind, and
ice, whichaffe O G KS LI FySQa loAfAGe G2 G11S 2FF fFyRZ |
data to make decisions that balance the safety of company staff witinoa parceldelivery Data can be

used to delay, cancel, or reroute flights and trucks; identify locations to house planes so that they do not
become iced over in cold conditions; and understand fuel necessary for planes and trucks to get to their
destination, even with rerouting. UAV companies use weather data for gginftight decisions and route
planning around weather phenomena.

Data are collected from grourdased
radar sources and from a variety of
satellite providers, including NOAAPo
products (AWIPS, SBN), Himawari,
GOES6, and private satellite firms,
such as Spire.

Data may be aggregated into detailed
and gridded weather data products fo
air-based applications and used along
gAUK ¢! C& 2NJ gl NY|A
Automated Surface Observing Systenms
(ASOS). Meteorologists leverage these
data sources: they may create their
own weather forecasting models or
use scriptbased systems to
communicate weather insights to
internal stakeholders.

Meteorologists communicate weather
insights from these tools to flight
dispatchers, operations coordinators,
yaatdilots. NIENg thésé data Qréducts,
meteorologists provide guidance on
flight rerouting and delays around
hazards such as convective storms,
volcanic ash, and ice, for example.
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BERA Major Logistics Carriers

Technical Assessment

Meteorologists employ data through ports that are commonly used by the aviation industry, such as NWS
RFGFIZ bh!!t2NIX 2dzildzia FNBY bh!!Qa !'{h{Z YR ¢!
FAA. They often use thhgharty vendors that create higresolution, gridded data products, which are routed

to the appropriate command center decisiomaker. Often, the meteorologist uses scrised systems,

adzOK a aSaS2{dINQa [SIFIRAYy3a 9yGPANRYYSyYyllrf !yltfea
easyto-read data sets for their customers. For-Based logistics, some users managing weather operations
are highly trained or technically literate in meteorology and can use data that are at a lower level (levels 2
and 3 data). Ground transportation users often rely on freely available, simple, highly processed tools, such
as everyday radar weather applications and highway updates. Updates from satellite data providers like
NOAA are used by dispatchers and drivers alike. Grvaised transportation carriers are less likely to

employ advanced satellite data products thanla@sed carriers.

These users note that small satellites using radio occultation for atmospheric sounding may enable global
coverage of weather with high resolution and improvement of weather models. This technology may
compete with large satellites.

Because of the quickly changing nature of weather, the user community generally needsduglion,
low-latency data that have excellent coverage within the areas they shipaghly 500 m to 1 km is helpful
outside of urban areas and down to 100s to 10s of meters in urban areas to better understand wind
dynamicsAlthough observed weather dataincluding precipitation, clouds and fog, and windlay a key

role in weather models, data end users need forecast models that give them roughly 4 hours of lead time to
react to weather for domestic flights, 12 to 14 hours for international flights, and 2 to 3 days before large
natural disaster events. Both aand groundbased users noted instances where radar or meteorological
aerodrome (METAR) reports had not indicated freezing rain or freezing drizzle, which led to slippery or icing
conditions. Improved models to detect and accurately forecast this type of precipitation would improve
safety conditions for these carriers. Examples of needs are summarized further in the following use cases:

Forecasting FagJnderstanding fog and low clouds at a number of altitudes can help meteorologists better
predict burnoff times and reduce delays and overtime cos$tsproved understanding of fog conditions can
also help drivers in freightased logistics understand the best times and routes to avoid problem areas.

Determining Safe Flying Conditions for UAV$AVs are lighter aircraft that are strongly affected by wind,
precipitation, and convective activity (such as wake turbulence off of a building). UAV operators need
accurate, vertically and horizontally resolved data to prevent losing control of the craft or losing parcels.
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BERA Major Logistics Carriers

Use Cases

Within this community, users may leverage EO data in a range of use cases to enhance current and future
decisionmaking capabilities. Examples of use cases within this community are as follows:

A Fog forecasting

A Determining safe flying conditions for UAVs

A International flight planning (covered in Commercial Aviation section)

A Convection and turbulence prediction modeling (covered in Commercial Aviation section)
A Volcanic ash modeling (covered in Commercial Aviation section)

Improved understanding of fog at different altitudes can help predictoffitilmes more
accurately, lessening delay times.

For users within the logistics community, fog affects visibility, which limits the ability to operate-basei firms, fog ey prevent the pilot
from being able to take off and land safely, and fog may delay or reroute gfoased transportation. Fog is difficult to foest and may
significantly affect operations, depending on the station; mountainous or coastal terrain may be more susceptible to fog.

Foraird &SR t23AaGA0ax bh!!Qa !'{h{Z I 1S& 6SIGKSNI NEaouADBE TaNL &2
clear below 12,000 feet), but users have indicated a need to understand visibility at higher altitudes (hamely, 14,0011 Z® 000 feet).
Current measurement methods do not give insights into the vertical height of the fog, which affects predictions on-@# bores; if fog has
not burned off by a certain amount of time before the flight, many airlines delay or cancel the flight. Users need a m@te Huee-
dimensional view of low clouds and fog (including vertical heights of the fog clouds) and improved forecasting abititiesstand when
certain areas are clear or fogged. Improved prediction will provide more certainty and reduce downtime for flights.

[ dZNNBy G AN NB3dzE F §A2y& NBIdZANB (KIFIG GKS LIAE 20 06 Sirlihes dreSooking inta
SYKIFyOSR @Arairzy (GSOKyz2tz23& (G2 ldzAYSyd FtAIKGEG Yyl 3ISYSRasingaa
camera, even at lower visibilities, and increase capacity to fly omadher days. Development of these valagding visionaols will need
accurate models and observations of the hazards that they help address.
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Accurate wind and convective data in the lower atmosphere are critical to the successfu
implementation of UANased parcel carriers.

In the logistics sector, both major carriers and brands are exploring the use of-asee delivery. For example, UPS hasterka
subsidiary UPS Flight Forwatd to explore dronebased delivery networks for hospitals, and Walmart is piloting drone delivery services|with
drone startup Flytrex.

Although drones must abide by FAA regulations, their weather needs are quite different than those of airlines. The &b#itasd and
operate around these conditions will be key for eventual implementation of this technology and serve as a key opportuctiilange for
weatherbased insights companies. Drones are much lighter than aircraft and fly around 300 to 500 feet off the ground. \ighedipitdtion
AAAYATAOlLyGte FFFSOG + RNRySQa ol idSNE fAFS FyR | drreliesionealugi2 Ft e o
added service providers to understand whether the UAV can fly in current and future weather conditions.

These providers described a need for improved precipitation and wind observations in this low altitude (with a vertichbreebb065 feet,
or roughly 15 to 20 m) to improve predictive models that help determine safe flying conditions for UAVSs.

39
1. Ward, T(2020, September 9WWalmart now piloting oremand drone delivery with Flytrdwtps://corporate.walmart.com/newsroom/2020/09/09/walmart
now-piloting-on-demanddrone-deliverywith-flytrex
2. UPS.(nd). t { Ct A3IKG C2 NBhpeRuwwRNBoyhbis/eR/Setvited$iNdrprvices/flighforward-drones.page
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Meteorologist in
Air-Based Logistics Firm
User Community:

Major Logistics Carriers

Who are they?

In a logistics firm relying on air
travel, the meteorologist oversees
the development and
communication of timely and
accurate forecasts to flight
dispatchers, operations
coordinators, and pilots.
Meteorologists may also consider
turbulence effects when the firm is
carrying fragile cargo.

Meteorologist in Air
Based Logistics Firm

Who do they work for?
hFiSy olF&a8SR Ay GK
operations command center,
meteorologists are primarily
interested in weather conditions
that affect the flight route such as
precipitation, thunderstorms, and
other convective events as well as
phenomena around the hubs that
FFFSOG GKS
and land, such as icy conditions and
fog.

Intermediaries

I:DjRTI Innovation Advisors

Meteorologists in atbased logistics
companies are looking for improvements
for fog and AQ conditions, which often
threaten ontime parcel delivery.

What decisions are they making (and how) today?

Meteorologists relay weather information that can lead to flight delay,
rerouting, or cancellation. For these organizations, time is money.
Decisioamakers must balance the safety of their crews while ensuring
that parcels arrive at the right destinations on time. Meteorologists
communicate with decisiomakers, who use these data to understand
where to route resources for deicing planes; where to route planes to
avoid freezing over; what may be the quickest method to get cargo to a
distribution center, which may include diversion and use of ground
methods to reach the destination; how much fuel should be used to
ensure planes get to their destination despite possible fhggith

changes; possible impacts on ground operations, such as high winds
preventing unloading of lightweight or empty carriers; how to time
flights to prevent crews from timing out; and when fog will burn off,
making it safe to land and take off. Often, meteorologists use script
olaSR aeaitsSyvyasx adzOK Fa aSdasS2{ 4l N
and easyto-read data sets for their customers. These stakeholders rely
on data products, such as NOAAPort, and often use satellite feeds, suct
asdatafromGOESCc YR W! -1 Q& |1 AYlI gl NR &
third-party vendors to help them write scripts for gridded, easily
interpretable products to communicate with lesschnical data users,
such as pilots or ground staff.

Do they have experience with EO data?

eteo, operations are often sophisticated
ét\J/Isetr?s %f@sg%?a T rg a i’[)

interpret data products at a lower
level (levels 2 and 3) or Ieverage these data to develop their own in
house weather forecast models, such as thunderstorm or wind models.

What do they care about?

Meteorologists care about accurately understanding risks across their
network of hubs. Because these carriers often fly in the Pacific

LX Iy § @ aNorthyegtiand jodighgrdatityde Ruls, spich gs Anchorage, they must

avoid safety threats such as volcanic ash and wildfires. Current modeling
and data products for improved fog and volcanic ash modeling do not
tend to accurately reflect when these elements dissipate, so
meteorologists must take a conservative approach. For example,
meteorologists may recommend delaying or canceling a flight if fog does
not dissipate by 1 am the morning of the flight. Because of the quickly
changing nature of weather, the user community generally needs high

resolution, lowlatency data that have excellent coverage.
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Air-Based Logistics Firm
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risks, the time frame of the risk,
and the impact to operations,
especially around our hub

I A NLJ2 NI & d¢

T Senior Meteorologist,
Major Carrier
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¢ What are their technical needs?

Users need a more accurate thrdenensional view of low clouds and
fog (including depth of the fog clouds) and improved forecasting abilities
to understand when certain areas are clear and fogged. Improved

JA prddi2tibnyiil provié&more certainty and reduce downtime for flights.
Current measurement methods do not give insights into fog depth,
which affects predictions on its bwoff times. Users need improved
volcanic ash data that accurately model the size and shape of the plume
and where it may be heading, given weather predictions. These users
have similar technical needs for the aviation communitpmparable
needs for resolution, lead time for data, and improved ability to
understand convective activities of weather phenomena. Users need a
means to detect freezing drizzle, ice pellets, and hail, which the ASOS
often does not pick up.

What would motivate them to use NASA EO data?

Meteorologists are motivated by data that could easily fit into TAFs or
be incorporated into the scrigbased systems that they use to
disseminate information to relevant stakeholders. Despite the
regulation and safety needs for ddased transport, these users seemed
eager to try new data products.

What are their adoption barriers for using NASA EO data?

The time for understanding, evaluating, and incorporating these data in
the current workflows could be an adoption barrier.

What are they afraid of?

Flightbased operations are a riskerse industry; meteorologists must
know that the data sources they are using are accurate and reliable
enough to ensure crew safety.

What do they NOT care about?

These users share many needs with meteorologists based in the aviatiol
community. One point of differentiation is mitigating turbulence
turbulence is often mitigated for passenger comfort in commercial
aviation, but most logistics carriers do not focus on turbulence (unless it
IS present in intense storms) because it is not often a safety threat.

What are some key use cases?
A International flights over oceans
A Volcanic ash

A Urban air mobility models

A Forecasting fog 41



Data Scientist for
Weather Company
Serving UAV Markets

User Community:
Major Logistics Firms

Who are they?

These users aggregate and
incorporate weather data into
actionable insights that recreational
and commercial drone pilots can

use.
Intermediaries m

Data Scientist for
Weather Company
Serving UAV Markets

Who do they work for?

These individuals work for weather
services companies: large
enterprises serving multiple markets
or small companies with data
products tailored to UAVS.
Ultimately, they could be part of
drone companies in the future,
should these entities decide to offer
or acquire weather service
providers.

I:D—RTI Innovation Advisors

Data scientists serving UAV operators
emphasized a need for improved convective
and precipitation data in the lower
atmosphere.

What decisions are they making (and how) today?

Weather phenomena can significantly affect operations of UAVS.
Because they are operating small craft, operators must be wary of
updrafts, high winds, and precipitation that can cause friction and drag
on a battery. Turbulence caused by convective activity, or even wake
turbulence off of a building, can affect a UAV. Weather, such as rain or
hail, can damage the drone or necessitate flying in higher or lower
areas. UAVs should not be within 500 feet of a cloud ceiling, which may
cause visibility issues and difficulty in operating. These users create
weather products that can help operators make the following decisions:

A At what altitude can | miss clouds and fog that affect my visibility?
A Which route can help me save battery?

A Can | fly my UAV safely today?

A 1s my craft at least 500 feet away from a cloud ceiling?

These users consider data that are pertinent to the lower atmosphere
(<1,000 feet), where drones fly. They often incorporate satefidased
weather data sources from public sources such as NASA and NOAA
(although they would not divulge which sources) and commercial
satellite-based data from Spire and other providers that have lewer
orbiting craft with higher resolution.

Do they have experience with EO data?

Data scientists in these companies have a sophisticated level of
expertise in EO data that enables them to aggregate multiple types of
satellite and nonsatellite data products and develop predictive weather
models.

What do they care about?

They care about weather data in the lower atmosphere that may cause
damage or failure to a UAV. Improved predictability for wind, moisture
(which can help them understand visibility), and convective events (like
microbursts) can help an operator avoid areas that could lead to parcel
loss or damage.
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Weather Company
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Serving UAV Markets ¢ What are their technical needs?
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and it is hard to recover from
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These users need better measurements 300 to 500 feet off the ground

_ for wind and improved moisture profiles to understand clouds and
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What would motivate them to use NASA EO data?

Data that are easily discoverable with the vertical resolution that the
industry needs would motivate them to adopt EO data.

What are their adoption barriers for using NASA EO data?

| Although therel is a large amount of commercially available weather
(A IFGAE 8438028 8NE FNB F6FNB 2F b {
set them apart, and how these can benefit them.

What are they afraid of?

2 @%n{é{é 5dgpfﬁo$| dHUAVs in logistics and other applications hinges on
their ability to fly safely and reliably. Accurate and comprehensive
weather data in the lower atmosphere are key to establishing this.

What do they NOT care about?

They do not care about weather data that are too high in terms of
altitude: wind conditions over 1,000 feet are not useful to them.
Currently, AQ is not a known issue for UAV engine mechanisms.
Thunderstorms are often not concerning for users either, because UAVs
often do not operate long enough to run into unexpected

thunderstorms and will plan around them.

What are some key use cases?

A Determining safe flying conditions for UAVs: This information can be
useful not only to UAVs but also in future VTOL aircraft that may
operate in the lower atmosphere.
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Community Overview

Major retail brands whether they sell grocery items, hardware supplies, housewares, or other praducts
work to consistently bring highuality products to their consumers all over the world. These companies,
which operate regionally or globally, source goods from a variety of locations, and weather can affect many
points of their supply chain. Grocery stores, which generated $634 billion in sales in 2018 in the United
States alone, are especially vulnerable to global and local weather effects when delivery and quality of
perishable goods are affectédCustomers appreciate the ability of thessail brandsi 2 a SNI3G2E & |
store when they need items and their consistency of goods between stores. As such, these retailers rely on
their logistics arms to ensure business continuity across all stores. Although their direct use of $ate#iie
weather data products is low, this user community depends on vaticeed service providers that integrate
these data.

Selected User Profiles for ACCP Potential Use Cases for ACCP Data Products

Identifying disruptions in the supply chain

Intermediaries

Allocating resources to maintain business continuity

Crisis Manager in a
Regional/Global Retail
Company

Data Scientist for Weather
Insights Company

MovingForward with ACCP

Continued incorporation of EO data will be an opportunity for logistics companies to monitor and anticipate
impacts to their facilities and supply chain partners. ACCP data, throughaddigel service providers, may
ultimately improve accurate predictions of precipitation and AQ that may affect supplier and customer
access, disruptive AQ events, and seasonal weather that could affect supplier availability and pricing. ACCP
could engage this community through targeted training events to help crisis managers understand the value
of these data products, but adoption will happen through service providers.
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Organizational Assessment

Even during extreme weather events, retailers such as grocery stores and hardware stores must meet the
needs oftheir consumers before the event and be operational as soon as possible. This user community
values weather and AQ information that can help them identify and address potential affects on store
operations and distribution of vital inventory, while maintaining staff and property safety. These data are
used to make decisions that optimize trucking routes; identify stores that need protection measures, such as
sandbags and boards; and allocate proper resources to affected areas. This information can help-decision
makers allocate commodities to surrounding stores when one store may be inaccessible and to staff when
appropriate. Ensuring continuity of service also requires close monitoring of suppliers that ship in
commodities from all over the globe. Weather may affect price or availability of a commodity at its source,
and weather events en route may delay or spoil the commodity if it is perishable.

Users within this community represeatisis managerérom brands that sell goods directly to the consumer,

as well as companies that directly supply their stores. Although smaller retail brands may rely solely on free
sites, such as Weather Channel phone applications, larger companies may use dasiasearglatforms,

such as StormGeo, whicheate personalized and actionable insights for users, adttess to meteorologists

for decisiommaking needs and capabilities to communicate key information to relevant staff across the
nation or world.Data scientists for these weather insights companiaegegrate satellite and groundbased

data sources into platforms that enable supply chain managers, crisis managers, and pricing specialists to
understand potential business disruptions.

Data are collected from grourdased Data may be aggregated into platform| | Crisis managers use data products and
radar sources and from a variety of companies that provide gridded disseminate information across the
satellite providers, including NASA, weather and AQ insights. These valug | company, communicating risks to storg
NOAA, and the European Space added service providers may create managers, distribution leads, and
Agency. their own atmospheric models or rely drivers. These data help facilities make
on intermediaries that create global decisions on allocating manpower and

numerical weather prediction models.| | commodities and reacting to possible
supply chain disruptions from weather.
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Technical Assessment

Users within this community often do not have experience with satellite data outside ofghitg data

sources. Although smaller companies may rely solely on free sites, such as Weather Channel phone
applications, larger companies use dashbebaded platforms, such as StormGeo, which provide access to
meteorologists for decisiomaking needs and help communicate key information to relevant staff across the
nation or world. Gridded and highly visual data products help communa&sneeds to store managers,
distribution leads, and drivers. Probabilistic, rather than deterministic, forecasts can provide more
information to help these users effectively balance business risks.

These users are interested in events that may affect the ability of staff and customers to access the store,
such as snow and storms with power outages and damaging winds. They need an accurate precipitation
forecast and must understand what routes and areas have been flooded or are prone to flooding. Most
major brands have multistate or nationwide coverage and may source commaodities such as produce from
tropical and coastal areas.

For end users of data, forecast models are much more relevant to their deos&img than observed data.
'aSNBR YySSR G t€Srad wn G2 ny K2 doNByQeagher@ver@Swhile2 NI
f I NHSN) S@SyiGax adzOK a KdAdNNAOFYySa yR fI NHS ayz2¢
weather insights companies are looking for accurate observations of weather data, such as precipitation,
temperature, and wind, over global coverage to incorporate into their decisiaking platforms. These

users also expressed needs for global measurements of stivtsrsd particulate matter and a better
understanding of weather and aerosol interactions, which may enable improved forecasts in response to AQ
events, such as wildfires.

Although highresolution (less than 1 km) data help provide a clear picture of how an individual store may
react in terms of flooding, regielevel data can provide users a more holistic, tisa&ing, and easip-

interpret picture of possible problem areas. Hourly data capture would be ideal for data anklyatsples

of needs are summarized further in the following use cases:

Identifying disruptions in supfy chairnt Many retail brands and their downstream supply chain rely on

goods shipped from all over the world, including those that may be perishable: &odghortterm

weather events, such as droughts and typhoons, may affect the availability or price of goods. Crisis manager
must rely on accurate global gridded data to help identify and react to potential impacts to the supply chain.

Allocatingresources to maintain business continuityDuring inclement weather, such as a hurricane, store

and facility operations and access may be limited. Weather may also affect specific needs of customers, sucl
as nonperishable goods, in response to events that may lead to power outages. Accurate weather and AQ
forecasts help crisis managers make decisions on how to allocate their resources and best serve their
customers and employees safely.
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Use Cases

Within this community, users may leverage EO data in a range of use cases to enhance current and future
decisionmaking capabilities. Two examples of use cases within this community are as follows:

A Allocating resources to maintain business continuity
A Identifying disruptions in the supply chain

Accurate observations and forecasts of storms and AQ events can help ensure the right
facilities are prepared for weather events.

Weather not only has a profound effect on business operations for a major brand, but it also affects how customers shtgnfHeere
storms, winter weather, or wildfires require crisis managers to allocate resources to best address needs. Crisis managersrahds work
closely with their marketing department to configure a store setup to highlight useful prodesisentials like batteries, nongshables, and
generatorg and with their supply chain to ensure that enough supplies are allocated to the right stores. Managers may alsopglies
from one store to another, knowing that an area is historically prone to flooding or other adverse weather phenomena ,yameythese
historical data to understand appropriate staffing for stores and distribution centers. Crisis managers run into challergfesesasts are
inaccurate. This may lead to overstocking one store while leaving other stores out of critical items or leaving stor&s\peatieer damage.
Users hope to have accurate data products predictable as far out as posslblly, 24 to 48 hours or more, with 3 to 7 dags $evere
events such as hurricanes. End users also hope to have data products that provide insights for large regional addéamnto high
resolution data so they can easily ingest hitgvel data before diving into potential problem areas.

Global forecasts help crisis managers make informed purchasing decisions and identify
potential supply chain threats.

2SI GKSNI I F¥FS0iGa GKS t20FdA2ya 2F | YIF 22N NB{l Af SNDatiorscinpalies =
such as grocery suppliers) often source commodities from different parts of the globe. For example, grocery stores mayppliers in
tropical and coastal areas for fruit, especially during winter months. Many of these areas are subject to hurricanesrandesghier events.
Crisis managers and logistics leads monitor weather to identify which suppliers may be affected and seek out alternedisto syavent
store shortages. Lonerm weather data (closer to 3 months out) with global coverage can also indicate locations with comshodiges
and pricing changes due to drought or destructive precipitation.

1.

2.
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Crisis Manager in a
Regional/Global
Retail Company

User Community:

Logistics Arms of Major Retall
Brands

Who are they?

Crisis managers for large retailers,
such as grocery, home improvement
and housewares stores, monitor
threats to operations of their stores,
distribution centers, and
transportation fleets.

I ENELIEES

Crisis Manager in a
Regional/Global Retail
Company

Who do they work for?

In larger multinational companies,
the manager may sit within a
corporate communications center or
manage a small team divided by
region.

I:DjRTI Innovation Advisors

Retail crisis managers rely on accurate
global weather data to anticipate and
mitigate impacts to business operations.

What decisions are they making (and how) today?

Crisis managers route weather and AQ information to the right decision
makers and advise how to direct supplies, staff, and other resources
necessary to maintain business operations. These managers must
balance continuity of their services with the safety of their customers,
staff in stores and distribution centers, and partner sites. Weather data
help them assess potential weather threats and make informed and
risk-mitigating decisions. AQ is increasingly a safety concern in areas
with frequent wildfires.

These data help crisis managers make the following decisions: What
commodities do our customers need to deal with the incoming
weather? Where should we strategically distribute our limited supply of
commodities, such as dry goods, batteries, and generators? Which
stores and distribution facilities may have access challenges because of
inclement weather? Which facilities may need materials for storm
preparations? When are wind speeds or AQ readings too dangerous for
distribution center staff to load and unload or for transportation fleets

to operate? How might a weather event affect supply chains for the
products we sell? What alternative routes should we take to source a
commodity?

Typically, these users rely on thipérty data sources that are highly
visual, offer builin insights, and are easily shared via mobile device or
email. Most of these are disparate data sources that are free, such as
2SFGKSNI / KFEyySt 3N LKAO& YR bh!
some invest in subscriptions, such as StormGeo and Climacell, that hav
meteorologists on staff to advise the managers. Users often monitor AQ
using AirNow.gov. Weather affects different parts of the country in
different ways, so the company may rely on thresholds to understand
when weather conditions may be dangerous. For example, a few inches
of snow in mountainous, remote areas may not cause disruptions, but
on the East Coast and for the South, it may spell shutdowns and rushes
on supplies.

Do they have experience with EO data?

The crisis manager relies heavily on gridded and highly visual data and i
often unable to process or interpret lowdevel data.
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Regional/Global
Retail Company
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What do they want or care about?

Crisis managers strive to find the most accurate forecast that gives them
the most amount of time to prepare. Users need a better tool to
understand and prepare for the effects of high winds so they can reduce
downtime in distribution centers. They also need a more accurate and
Wt use tool to understand which areas may be more prone to
ooding or are currently inaccessible due to flooding or water on the
road (which may cause safety issues for ground transportation). Users
also noted lack of predictability for changes/improvements in AQ;
adding predictive qualities can help crisis managers understand when
employees can safely load and unload in distribution centers.

What are their technical needs?

The users prefer having information 24 to 48 hours before the weather
event and around 3 to 7 days for large events like hurricanes so that
they are able to enact proper safety procedures. They need high
resolution data to the city block so they can understand the impacts
of weather on the surrounding facilities and roads.

What would motivate them to use NASA EO data?

Global data that are gridded and easy to interpret would be beneficial.
Our interviewees were interested in being part of this conversation to
understand current capabilities, limitations, and opportunities for use of
NASA data.

What are their adoption barriers for using NASA EO data?

Because of their lack of technical maturity, these users rely on-third
party data sources, often management products that enable them to
quickly identify risks and disseminate information to their local and
global partners. They need data that are gridded and easy to interpret.

What are they afraid of?

Inaccurate weather predictions can cause companies to lose money
sending supplies to the wrong store, leading to shortages in other areas
and, ultimately, decreasing customer trust in product availability.

What do they NOT care about?

Crisis managers do not really care how their weather service providers
incorporate data.

What are some key use cases?
A Allocating resources to maintain business continuity
A 1dentifying disruptions in supply chain 50



Data Scientist for
Weather Insights
Company

User Community:

Logistics Arms of Major Retall
Brands

Who are they?

This user works at a weather insights
company that supports a number of
industries, including logistics. These
analysts often have a geographic
information system (GIS) or
meteorological background and
work to integrate large amounts of
data into their modules. Some of
these companies, such as StormGeo,
serve as large platforms that not
only deliver weather data to end
users but also serve as management
platforms, enabling companies to
monitor and disseminate
information across multiple
locations.

Data Scientist for
Weather Insights
Company

Who do they work for?

These users work in companies
serving as data integrators or value
added service providers to °
customers such as retail brands.

I:DjRTI Innovation Advisors

Data analysts in weather service companie:
seek out valuadding data sources to help
companies anticipate effects of weather on
supply chain and store operations.

What decisions are they making (and how) today?

These users are collecting a variety of weather data to incorporate into
their models. These companies create products that are meant to help
end users across a wide variety of industries make informed decisions,
especially related to weather extremes that could affect supply chains,
operations, and safe travel. When considering which types of weather
data to use, these users consider questions such as these: Which EO
RFEGF FNB NBEAFOoES FyR | OO0dzNI G SK
0dz01 ¢ 6AGK (GKS &d2dz2NOS&a L OK22aSKkK
incorporate into my existing models?

Specifically, these users can create products that help end users within
retail supply chains make informed decisions about questions such as
these: Will droughts in a specific tropical area affect the pricing or
availability of a certain good that | stock in my stores? How might

2 SRYSaRII&2Qa dzLJO2YAy3d KdAzZNNAOFyS |
When might we expect effects from a wildfire on the West Coast and
have to shut down our loading docks because of poor AQ?

These providers incorporate a large number of weather data sources,
from groundbased networks to publicly available and privatized
satellite-based data (although interviewees declined to specify which
sources).

Do they have experience with EO data?

Users are sophisticated data users: they are able to incorporate multiple
types of data sources at different levels into their platforms and models.

What do they care about?

Improved observations of precipitation, wind, temperature, and surface
basedPM, ® ¢ KS& OF NB | o62dzi dRA&AO02GSN.
are often hard to find unless one is looking for them specifically. These
users need a means to easily find satelbesed weather data and
understand its value compared with traditional sources. These users
care about flexibility within their data sources: they would appreciate
having a mechanism to request data products that focus on specific
locations and for different timescales (e.g., Northeast U.S. region with
daily, weekly, and monthly weather data). These valdeed service

LIN2E A RSNAR 1SSL) 2y {(2L) 2F SyYyR dzaS$S
FNB | 3INBFG a0 NPYSGSNE F2NJ dzy RS
2F LRGSYGAILItE Ay FRRAGAZ2YyLFE &SOi
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What are their technical needs?
They need less thanlm resolution, hourly capture. They want
interoperability between NASA and other data sources, for example,

haviggghe Byropgan SpacqAggpsy and NASA create data products in
Eir‘ﬂilagorm@té. gheyén ed gpre/sources that have global coverage,

because many areas where logistics firms source goods are in tropical
areas or more remote areas with limited groubdsed data.

What would motivate them to use NASA EO data?

Data that have global reach and are easy to incorporate into their library
of aggregated weather data products would motivate their adoption of
NASA EO data.

What are their adoption barriers for using NASA EO data?

Data sources are plenty (and affordable) for many of these companies.
Finding and sifting through data sources can take a significant amount o
resources. These companies must consider whether incorporation of
additional data sets can offer true value compared with their existing
data library.

What are they afraid of?

The weather prediction community is expansive and competitive;
interviewees were hesitant to identify limitations of their current data
sources.

What do they NOT care about?

Private satellite data are getting less expensive to purchase, so larger
LIN2E JARSNAR YIe& y20 aSS (GKS o0SySTaA
be tailored to their needs.

What are some key use cases?

A Allocating resources to maintain business continuity

A ldentifying disruptions in supply chains
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Community Overview

The agriculture community has relied on weather since its inception. Agricultural yield is a critical
performance metric that has significant downstream effects on availability and pricing of food and beverage
commodities, consumer goods, and more. Agricultural experts point to three factors that drive yield:
genetics, management practices, and the environment. Stakeholders across the value chain have sought to
better understand weather effects and help growers make decisions based on observations and forecasts on
a variety of temporal scalesfrom daily weather to subseasonal (1 to 2 weeks) to seasoralof®h)
outlooks. The breadth of this community can span ingredients manufacturers, food and beverage companies.
and logistics firms (covered in other sections). Access to accurate, timely weather data is especially
important when anticipating challenges related to climate change, which affects growing conditions and may
influence certain crop yields.

Potential Use Cases for ACCP Data Products

Selected User Profiles for ACCP

®
Effective application of farm inputs
Intermediaries Mitigation of plant pests and disease

Data Scientist in Site similarity analysis for crops

Compan_les Data Scientist in Growers with

Developing . o

o . Advisory Services Farms

DecisionMaking

Platforms

Moving Forward for ACCP

The agricultural sector has been a strong adopter of EO data to monitor fields and growing areas. ACCP
weather data products can offer the agricultural community an improved understanding of the microphysical
properties of precipitation and clouds, enabling more accurate and comprehensive predictions of seasonal
weather and climate modeling.

Agritech is an area rich in development, especially in developing economies. Large agribusiness firms are
sponsoring hackathons and other opportunities where students, innovators, and entrepreneurs leverage EO
data to develop digital and mobile products that create agricultural insights. Focus group attendees noted a
lack of awareness of NASA data products that have direct ties to agriculture and the value they can bring to
the already crowded world of weather data products. Attendees emphasized needs for data observations
across instruments for certain geographic locations over periods of time, flexibility to pull the data they need
(leaving unnecessary data behind), and the ability to quickly extract and visualize information. NASA should
engage not only the large agribusiness firms withause platform development capabilities, but also the
entrepreneurial community this industry relies on. Focus group participants would like to collaborate with
NASA through evaluating the value of ACCP data sets, making data delivery more accessible through the
cloud and other dissemination avenues, and engaging with the greater agritech community of practice.
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Organizational Assessment

The agriculture community has been consistently incorporating new technologies into ite-day

practices, shifting the practice from an art to a science. Weather knowledge positively affects stakeholders
across the value chain, from the farmers growing crops to the input companies developing seeds, fertilizers,
pesticides, and herbicides to the food and beverage companies that source ingredients. The agricultural
community makes decisions using daily weather data, and it needs accurate forecasts across three types of
timescales.

Short term (1 to 2 dayg) Nextday information can help the agriculture community understand whether it

may be prudent to apply input such as fertilizer or herbicides. Precipitation can wash away the inputs, or high
pressure or windy systems may lead to temperature inversions, where sprayed chemicals can drift to
different locations. A 2lay outlook can also help decisiomakers seek labor on goasleather days.

Medium term (7 to 14 days) A slightly longer time window can help the agricultural community understand
when moisture conditions may be the best within a certain planting window and when is the right time to
harvest. For example, knowledge of likely hailstorms during the harvesting window may prompt growers to
harvest early, balancing potential damages over lower yields or shorter drying times. Strategically timed
harvest periods can also enable farmers to pull up the crop without significant physical labor or tools,
maintaining the quality of the crop.

Long term (seasonal outlook, 3 months)understanding the likelihood of potential rainy periods, freezes,
droughts, or natural disasters can help agricultural dectsnakers understand what types or varieties of

crops to plant. For example, growers may consider choosing a rice variety that can survive in flood
conditions, or they may consider planting more acres of corn to offset lower yields due to weather. In areas
where freezing may occur near harvest time, a grower may invest in a seed that matures 10 days longer than
normal to avoid potential damage. These seasonal conditions may play into commaodities pricing and help
growers understand what kind of crop to invest in and when to sell.

The agriculture sector spans a number of stakeholders across the value chain, and the industry regularly
incorporates a variety of satellt@and groundbased data products that can help gather insights about field
and crop conditions. Although precipitation is a key data point, users are also concerned with soil moisture;
normalized difference vegetation index (NDVI); and weather conditions such as wind, temperature, and
humidity.

Within the value chain, mature data users may incorporate-level satellite data into data products that
help reveal trends and insights. These may be developers of agricultural platforms or input companies
helping growers make decisions on agricultural practices, sourcing, and purchasing. Users also include data
scientists in smallholder advisory services, who leverage these data to help smallholder growers in
developing economies make informed decisions (through financial products and short messaging service
[SMS}based data delivery). Some data aggregators may create data products that could be incorporated into
other platforms. Users of these data include growers but may also include ingredients manufacturers,
O2YY2RA0G& UGUNI}YRSNE>X YR (K2aS dzLJ 4KS @It dzS OKIAY
hLISNF GAY3 Ay ¢NBLAOFE ! NBIFa¢ aSoOuAzyoo
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Organizational Assessment (continued)

Typically, users developing farm management tools, decision tools, and advisory services incorporate a
variety of EO data products into their platforms, including data from the Tropical Rainfall Measuring Mission
(TRMM), Integrated Muksatellite Retrievals for GPM (IMERG) products, and Metop data products. They may
also use other EO products, such as satellite imagery from Sentinel, Landsat, and MODIS. In addition, on
ground sensors and weather stations offer important insights on a field. Although large agricultural input
companies have the resources to purchase or process many data products, organizations serving developing
economies focus primarily on publicly available data sets, which offer free global coverage that many private
data sources lack. These users can integrate data at different levels, depending on the use case: advisory
services communicating insights to growers via SMS may want some level of preprocessing or gridded data
to easily interpret, while developers of management platforms and insurance products may waletvklw

data to incorporate into their models. Growers monitor weather stations, theigmund sensors, and third

party apps such as farm management tools and AccuWeather.

Data are collected from grourdased Valueadded service providers, such as | Growers, whether managing small to
radar sources, Hield sensors, weather] | farm management or agricultural inpui | medium farms or small areas of land as
stations, rain gauges, and satellite daa| platform companies, incorporate smallholders, leverage these

products such as TRMM, GPM/IMERG,| multiple satellite and groundbased aggregated and processed data

and Metop data products. They may data sources to develop actionable sources to inform their seed selection
also use other EO products, such as insights for growers. Smallholder planting, harvesting, and spraying
satellite imagery from Sentinel, advisory services may incorporate decisions.

Landsat, and MODIS. satellite data products into financial

products such as insurance platforms
and farm management insights
delivered via SMS.
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Technical Assessment

The datadriven agriculture community emphasized needslioth observation of weather phenomena and

weather forecasting.

Weather observation needs:

Users need accurate observations of total precipitation: what type
has fallen, how much has fallen, and at what intensity. Intensity of
precipitation can help users understand immediate irrigation needs
and where crops might be damaged because of hail. Accurate real
time weather observations can help understand the risk of
temperature inversion, which ultimately leads to drift of products
applied to a field. For a 2dour set of weather data, subhourly
temporal resolution would be ideal (or less than a half hour,
because storms can pass quickly through fields). Data latency after

Weather forecasting needs:

Users need to know whether in the next 7 to 14 days they will
encounter potential disease conditions; therefore, data on
humidity, temperature, and leaf wetness are important in a-mid
term forecast.

For a seasonal forecast, users need a more accurate outlook of
the next 3 months with more information, for example,
approximations of the first frost and distribution of rainfall
across the season.

this 24hour set should be available at least 2 to 3 hours after
capture, although less than a half hour is ideal.

Improved spatial resolution enables users to break down needs across the flatdrdsolution would be
ideal.Valueadding data products cover as much geographic area as possible, especially in tropical regions in
developing economies where few @mound data inputs existn addition to precipitation, the agriculture
community is interested in wind, temperature, humidity, NDVI, and soil moisture to better understand crop
health.

The datadriven agriculture community incorporates a large amount ofgopound and satellitdbased data

sources, which can be quite resource intensive. Some major input companies dedicate resources solely to
identifying and cleaning data sources into a usable format. Users expressed preferences for current data
F2NNIF G&X &dzOK & % NNE GKFG | NB ébhsedirRastrugt@eNMany | £ &
NASA data products (beyond precipitation) regularly provide value to the community. Data scientists would
like to see EO data sets with multiple variables (e.g., temperature, humidity, precipitation, wind, and AQ) that
are aligned temporally and spatially. For exampkers would like to bable to choose a data set over a

certain time and geographic area that contains IMERG and MODIS data products. The fusion of these data
products may also make crassnsor calibration and atmospheric correction easier.

Many interviewees indicated a desire for improved soil moisture data setsferably at different depths

than 5 cnt and improved methods of understanding biomass and evapotranspiration. Although ACCP data
LIN2E RdzOG & FNB y20 3ISFNBR (2¢6FNR (GKSasS LI AOFGAZ2Y
Biology and Geology DO teams are looking into these use cases. However, for weather applications, most
users were willing to work with NASA to identify these gaps.
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Technical Assessment (continued)

Incorporating data from multiple sources can be time consuming. Users mentioned a need for improved
consistency and communication of data format. Interviewees indicated that companies must dedicate
substantial resources to collecting and cleaning the data for their needs. Data scientists have indicated
circumstances where databases have changed format and end users were not informed. This type of change
can lead to inaccurate data labels.

51 G dzaSNBR |faz2 SYLKI&aAT SR GKS AYLRZNIFIyOS 2F aFf
example, enabling the user to pull a time series of data over a certain period (e.g., 60 days) without requiring
GKSY (2 Ylydzrffe LdzZf cn RFEaAQ ¢g2NIK 2F RIGIF Ay

Specific technical needs for satelv@sed weather data were discussed over four use cases, summarized
here and expanded on later:

Effective application of cropnputs: Growers, who often operate on slim margins, must optimize their use of
fertilizer, pesticides and herbicides, equipment, and seed varieties. Accurate knowledge of weather
conditions over a variety of time frames (from the next day to a seasonal outlook) can help growers make
effective use of thes limited inputs and ultimately save money.

Mitigation of plant pests and diseasd’ests and diseases are significant risks that have an effect on the
ANPGSNRE @ASftRax ONRL) ljdzZrftAdes yR 02002Y fAYyS®
help identify patterns when crops may be at risk for pests or disease, enabling the grower to proactively
sprayandlimit crop damage.

Site similarity analysis for crop€£hanging temperatures and weather patterns are modifying the most
appropriate growing locations for crops. Access to accurate global observed weather data such as
precipitation, temperature, and humidity can help growers understand the highest quality/yield crops for
their specific area over time or help ingredient suppliers and large agricultural firms identify where they may
be able to grow or source the highest quality or yield variety of a certain crop.

Crop and AQ monitoringAs the research community better understands the correlation between AQ and
crop healthdata scientists are looking to incorporate global measurement of aerosols, greenhouse gases,
and other AQ indicators in their platforms.
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Use Cases

Within this community, users may leverage EO data in a range of use cases to enhance current and future
decisionmaking capabilities. Four examples of use cases within this community are as follows:

A Effective application of farm inputs
A Mitigation of plant pests and disease
A Site similarity analysis of crops

A Crop and AQ monitoring

CCP data can inform growers of the right conditions for effective fertilizer, pesticide, and
herbicide application.

Managing a farm includes effectively making use of the limited resources growers have; inputs such as fertilizer, pantidcidesicides are
expensive, and growers may have limited sprayers across miles of fields. Growers must limit overspraying because itegsiad ©en be
harmful to the environment, and weather conditions such as precipitation and temperature inversions can dilute and dispiensats
across the field. Improved understanding of current and future weather conditions, including the conditions that causaterapeyersions,
can help growers identify when to apply inputs in the most effective way. This use case requires high spatial resotutiam (lelsm) and
subhourly temporal resolution.

Spatially resolved observed and forecasted precipitation data patterns can help identify
conditions that may lead to crop damage from plant diseases and pests.

Leaf wetness, which may be influenced by weather conditions such as extended precipitation, temperature, fog, and haiaridityfaictor
for foliage fungi and other plant diseaseExtendedprecipitation could create conditions that put crops at risk for significant damage.
Agricultural platform developers can integrate satellite weather data in models that can help identify when crops male e diseases and
pests, enabling growers to spray prophylactically and maintain crop yield and quality. Accurate records of observediprecgpitenced
forecasting models, and improved resolution (less than 1 km) could help create more specific data products that canttitesiopa
weather activity that may lead to disease and pest risk. Beyond precipitation, developers creating these data productatresrdiata such
as temperature, wind speed, and humidity.
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Use Cases (continued)

Extensive multiyear weather data records can help identify ideal crop growing conditions
f20FrGA2ya a4 GKS 9FNIKQad OfAYIF{S OKI y3s

Climate change has altered the growing seasons for many locations. As a result, growers may have lower yields forlwadbe#magrown
successfully in years past. Changes in average precipitation, maximum and minimum temperature, and other growing fatfecs can
ANRPG6SNRQ fAPSEAK22RasY yR YIé | FFSOG (G(KS adziLix & OKI gioyersaaid lafge
agriculture companies understand (1) what crops may be successful in certain regions based on the upcoming season aath@peste
place is to grow an important crop variety, such as a certain rice or potato product. Companies have developed dataleverhgitsy
satellite data that can look for ideal locations or ideal crops for a location within a specific growing time. Althougtersipatial resolution
requirements are lower for this use case than other use cases, this case requires global coverage and long precipitatieratidre
records for these areas. Developers of these products value accurate observations of precipitation, maximum and minimuatutempe
freeze possibility, and other factors.

Colocated aerosol, convection, and precipitation data may help growers anticipate and r
AQ threats.

Although AQ information is not currently used in decisinaking platforms, scientists developing agricultural platforms inditahat AQ
information will be considered in the future for quality monitoring purposes. In some developing economies, farms negasfinetoproduce
smoke and nitrates may be subject to damaging acid rain, and weather such as convective activity and precipitation reapdisysit
aerosols on fields. Wet and dry deposition to plants, as well as damage by ozone and other gas pollutants, may affedhtbétgeoplant.
Poor AQ or consistent cloud cover in certain areas may also limit photosynthetic activity.

Although growers may look to AQ data as another means to optimize farm management practices (e.g., closing greenhoeses) @laots

to avoid deposition), large food companies or cooperatives could rely on these data in the future to understand whenpateaticl react to
effects from wildfire smoke moving across the country. Urban planners may leverage these data to understand the riglitvegetatmn to

plant in cities, where the plants are often in direct contact with pollution.

Similar to precipitation data, high spatiotemporal resolution would be useful for monitoring crop quality. Coverage fa-lgasad and
satellite AQ data is quite low in regions that are growing many key commaodities, such as tropical zones in Africa ameéicirSArface
based measurements would be most helpful for understanding direct pollution effects at ground level, while the aerosolcooldnhelp
understand the impacts of air pollution on photosynthetic activity. Colocated data can help the community understandtibiests|a
between precipitation, convective activity, and aerosol distribution.

Pact tc
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Growers with
Small to Medium Farms
User Community:
DataDriven Agriculture
Who are they?

These individuals grow crops that
may be used for food, beverages, or
other consumer products. In the
United States, small family farms
make up about 88% of the farmland
and typically span approximately
320 acres; medium to large farm
acreage spans an average of 1,420
acrest

Intermediaries

Growers with Small to
Medium Farms

Who do they work for?

Growers produce food in partnership
with larger conglomerates (as a
collective or in contract with a food
or beverage company) to sell within
their community or to subsist on
themselves.

OFarmers often only see 45
paychecks in their lifetime. They
take weather data seriously and
use every tool they can to °
ensure they are making the

NRA I K {

T Geospatial Lead,
Agricultural Input Company
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Growers need accurate higlasolution data
to effectively manage their crops.

What decisions are they making (and how) today?

Farmers with small to midize farms oversee a large amount of land,
with weather conditions and microclimates that may differ widely
across their acreage. Weather plays a key role in how farmers decide to
use their limited inputs, labor, and equipment. Weather station data can
provide some of the most comprehensive information to farmers,
including temperature, humidity, wind speed, visibility, and current
weather conditions, at subhourly timescales. Although the data are
quite valuable, data points from a few weather stations do not
represent accurate and precise coverage of the entire field. Weather
stations are extremely expensive to install and maintain (at least
$30,000), and microclimates can vary even across one field. Many
publicly available weather stations are placed at medium or high
elevations, while farms tend to experience different conditions in
lowlands. Farmers may also use their own rain gauges, but across
farmland there can be a large range of precipitation intensity, even
across a large field.

Do they have experience with EO data?

Users typically employ gridded, highly processed data, although some
may have a more technical agronomy background with the ability to
interpret weather station data inputs. In developed economies, growers
rely on thirdparty applications, such as AccuWeather, for stierin
weather forecasts and farm management tools and decision platforms
to understand longer weather outlooks, which may rely on satekitel
sensorbased data. Smallholder farmers, who oversee a much smaller
amount of land in developing economies, typically rely on -Bk&d
weather sources to make these decisions. More about their experience
Oy ©6S F2dzyR Ay GKS a5FdF { OASyi
{ SNWAOS&aé¢ aSOirAzyod

What do they care about?

The land that these growers oversee can bewasten on a small

farmt and they cannot directly monitor each acre of a field. To
understand field conditions, these users need accurate,-hegblution
observations of weather that has occurred and heglality midterm (7

to 14 days) and seasonal forecasts. These users demand more concrete

AYF2NXYEFGA2Y F2N) aStrazylf FT2NBOI a

GKIFyYy fFad &@SFENRaodeé LYF2NNIGAZ2Y 2

Y2y(iKa FyR SadAayrasSa 2y GKS asSt a
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Growers with
Small to Medium Farms
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of crop behavior, yet it is
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DecisioaMaking Platform Company
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What are their technical needs?

To get an irdepth look of conditions across a field, users would require
resolution under 10 km, ideally down to 1 x 1 km squares. Users need
temporal resolution on a subhourly rate, which can help them track
weather systems across fields. They also need to have information on a
dZ24houndpta setin afey hours, so this observed data can be used to
make decisions on farm management for the next day. Users need to
Q@om@pwch\pr&_@ﬂaﬂon has fa_llen, what type, and at what _
intensity across the field. Incorporating data such as temperature, wind,
and humidity can help inform agronomic practices. An improved
understanding of convective motion in clouds can help growers
understand the conditions that lead to temperature inversions.

What would motivate them to use NASA EO data?

Tools that can help them save money on inputs (e.g., those that help
strategic application of fertilizer) or those that help provide a seasonal
forecast would be beneficial. Although growers themselves are not the
ones directly working with satellitbased weather data, their needs are
addressed by organizations creating and selling data products to fit their

Liaekd6A T S (G KS

Ay ®€
What are their adoption barriers for using NASA EO data?
Because they are not the direct end users of these data, their adoption
of NASA EO data depends on the weather sources and management
platforms they use.

What are they afraid of?

Agriculture margins for growers are extremely low, even in developed
economies. These users need demonstrated accuracy so that they can
best use their limited resources. One incorrect weather prediction could
significantly affect their yields and may even drive the grower into
poverty. Although some growers keep on top of the newest agricultural
innovations, many are conservative about technology adoption for this
very reason.

What do they NOT care about?
Currently, growers do not consider aerosol characteristics and exposure

e in their dayto-day agricultural practices.

What are some key use cases?

A Effective application of farm inputs

A Mitigation of plant pests and disease

A Site similarity analysis 62



Data Scientists in
Companies Developing
Agricultural Decisien

Making Platforms

User Community:
DataDriven Agriculture

Who are they?

Data scientists developing
agriculture decisiommaking

products incorporate weather and
other data products to help different
agricultural stakeholders, such as
growers, make decisions. Users may
also be part of valuadded service
providers that create maps or other
data products that can be integrated
into platforms.

Data Scientists in
Companies Developing
Agricultural Decision

Making Platforms

Who do they work for?

These developers may be
independent software providers or
subsidiaries of larger agriculture
input companies that create digital
farming tools geared toward
effective use of their products.
These products are ultimately
geared to helping users across the
value chain.

I:D—RTI Innovation Advisors

Data scientists in agricultural platform
companies incorporate a variety of satellite
data products to help growers make
decisions.

What decisions are they making (and how) today?

These users aggregate various data sources in platforms that create
insights for a variety of end users. Growers are frequent users of farm
and input management products: these tools help growers make
decisions on planting and harvest time, pest and disease mitigation,
types of seeds to plant, and inputs (fertilizer, pesticides) to apply.
However, data scientists may develop platforms that might help
ingredientsourcing leads and commodities traders anticipate supply
chain disruptions and pricing changes across days or in an upcoming
season. Weather conditions can help these end users understand where
to invest their money, cropvise and geographically, for the highest
return.

These data aggregators are actively using satdiiteed weather data
and a combination of publicly available data products (including
GPM/IMERG data and Metop satellite products), loagge forecasting
models, commercial weather products, and potentiallygmund
inputs from weather stations and efarm sensors. Beyond weather
products, these firms also may use satellite imagery from Sentinel,
Landsat, and MODIS.

Do they have experience with EO data?

These users are mature and can incorporate-level data products,

which are easier to incorporate into their own gridded products or heat
maps. Some larger input companies may have departments dedicated tc
incorporating and cleaning new EO data sources for use in their
platforms.

What do they care about?

These users are seeking and incorporating a variety of EO data tools int
their platforms. When they are creating models, they need to consider
data redundancy ensuring that they can deliver reliable and timely

data to their customers even when some data systems fail (e.g., in
response to government shutdowns).

Like their grower customers, these users care about accurate; high
resolution precipitation observations and data that can be used for mid
to seasonal forecasts. Although most farming platform products have
incorporated weather data to make deterministic forecasts, some are
considering moving toward a model that outlines risk potential and

helps end users understand the breadth of potential outcomes.
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Making Platforms
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products, we see 80% of the
time used to standardize and
clean up the data, and only 20%
for modeling the data. We
would like to move that to fifty
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What are their technical needs?

Like the growers, down to-Bm x tkm resolution, subhourly temporal
resolution, and latency of 30 minutes to 3 hours after ahddir data set
are needed.

Users requested appropriate channels to easily merge bulk data into the
SYR dzaSNBQ adaeadSvyasx adzOK Fa | LI
tFakster protocol (FTP) sites. EO data sets that are aligned temporally
and spatially, such as IMERG and MODIS data products, would make
crosssensor calibration and atmospheric correction simpler and
facilitate introduction of new EO data. Users would like clearly labeled
data values and accuracy checks or clearly defined error rates, so they
do not need to source this information from relevant papers.

Users prefer flexibility in data delivery. For example, they would rather
pull selected data elements across-mdnth time period rather than

pull daily records over 2 months. They often look for data that build on
long programs, which ultimately improve their models.

What would motivate them to use NASA EO data?

Data scientists would be motivated to use data that are easily imported
into their systems and do not require the user to import a large amount
of extraneous data that must be cleaned. Although weather station or
farm sensoibased data can help build a hyplecalized picture of

RWah& Sohdhiorfs, S4Nifdased data are needed to validate against

the groundtruth and improve on weather models, which can help
Unfp &WeImBedels tha®gork around the world.

What are their adoption barriers for using NASA EO data?
Lack of awareness of NASA weather data is an adoption barrier.

What are they afraid of?

Although many companies can afford multiple sources of data,
maintaining a consistent and reliable cube of data is tooasuming.

What do they NOT care about?

The cost of data sets is not extremely important to them, if using the
data sets saves time.

What are some key use cases?

A Site similarity analysis

A Crop and AQ monitoring

A Mitigation of plant pests and disease

A Effective applications of inputs 64



Data Scientists in
Smallholder Farmer
Advisory Services

User Community:
DataDriven Agriculture

Who are they?

These users develop and deliver dat
products meant to help smallholder
farmers, mostly those in developing
economies. Smallholders manage a
small amount of land, usually up to
2.5 hectares (roughly 6 acres). Thes
agencies may deliver agricultural
management guidance or financial
insurance products to help protect
smallholders against drought and
storm damage. Many of their
customers do not have access to
smartphones or other digital
technologies, so these organizations
often deliver insights in the form of
SMS text messages or via direct
interaction with their customers.

Data Scientists in Smallholder
Farmer Advisory Services

Who do they work for?

These users work in organizations
that create tools that can help
farmers in developing economies
use their assets effectively and
protect their crops. These
organizations may contract with
country governments to provide
advisory services to smallholders, or
they might be funded by corporate
or private foundations.

Intermediaries

U
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Smallholder advisory services leverage low
cost or free data sources to help growers in
developing economies.

What decisions are they making (and how) today?

Like the growers on small to medium farms, smallholders use these
products to make decisions on types of seeds to use, when to plant and
harvest, which crops to plant, and whether conditions are right for day
laborers to work in the fields. Precipitation data are incorporated into
NAa]l aOFfOdz F G2NRe GKFG dzf GAYFGS
claims. These data can be used to help data scientists understand the
return on investment for their financial products and whether they are
properly covering their constituents in certain geographical areas. These
users leverage databases that are low cost and include publicly available
data, such as GPM/TRMM data and Climate Hazards Group InfraRed
Precipitation with Station data. Coverage for grotmaked radar

systems and weather station data may be quite sparse. These
organizations seek out other sources of weather data, relying on
operational forecasts, such as the European Centre for MedRamge
Weather Forecasts models. Data scientists in the organization interpret
these data, which often takes some preprocessing, and communicate it
to their stakeholders. For agricultural products related to risk insurance,
data scientists rely on data that have a historical database of at least 20
years: GPM/TRMM data, for example, has helped some organizations
develop premium pricing mechanisms.

Do they have experience with EO data?

Users developing smallholder data products are not creating models but
are integrating data from multiple satellite sources that have some
preprocessing. Users incorporating satellite data into financial systems
are sophisticated users and prefer ldewel data products.

What do they care about?

Precipitation (namely rainfall) is most important to their end users.
These developers are looking for publicly available, reliable data
sources: coverage of weather data across the globe is important,
especially in tropical areas, because current weather models have been
developed for and are more accurate in temperate regions. Many
smallholders that play a key role in worldwide commodity trading are
located in tropical regions, such as western Africa. Accurate, highly
spatially resolved data are important: many smallholders operate in
areas that are very small. In addition to precipitation observations, data
scientists bringing insights to 7 to 14 days out and seasonal outlooks
would be helpful. Users developing financial products are also
interested in evapotranspiration and soil moisture for their insurance

pricing models. 65
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What are their technical needs?

Data scientists would like accurate observations of precipitation;
understanding the relationship between clouds and precipitation can
help lead to the development of models with a probabilistic , rather
than a deterministic, weather recommendation. Spatial resolution
Eeego@ are vd%] 1 km or less. Because users incorporating data into
agnculturgl advising provide guidance daily, or every few days, daily
temporal resolution can work well, if the latency is short (30 minutes to
A §I¥6Dﬂ?§). For financial products, ideal temporal resolution is daily, but
weekly could also work.

What would motivate them to use NASA EO data?

Free tools that require little pogprocessing, backed by a long

precipitation record and demonstrated accuracy, would be helpful. In

the agricultural world, some stakeholders are aggregating publicly

available data products to improve data exchange and use for

3 Y Lt £ K2 f N LaSYSTAUlUD C2NJ SEI YL
€5 hRnab Aé§%ﬁggﬁ%%xyxﬂxraxés G KF

stakeholders could be promising channels for disseminating data

products and acquiring a better understanding of how to create data

0 %&uct@ihé}i ﬂhﬁﬁu%‘eg do%rﬁuﬁty members can easily employ.

What are their adoption barriers for using NASA EO data?

Lack of geographical coverage in relevant tropical areas and developing
economies and lack of awareness can be barriers to using NASA EO
data.

What are they afraid of?

Data scientists in these services help smallholders make decisions that
have direct effects on their margins. Accuracy of these data is

important, and many countrywide meteorological systems are
unreliable. Some smallholder farmers may lose trust in advisory services
that provide inaccurate data.

What do they NOT care about?
These users do not care about AQ data at the moment.

¢ What are some key use cases?

A Effective application of farm inputs
A Mitigation of plant pests and disease
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=1 Food Companies Operating in Tropical Areas

([ L J
Community Overview
C22R LINRPRdzOGA2Y |yR O2yadzYLIWiA2Yy Aa || o0A3J o0dzaAySa

constant growing demand for foodSeveral major food ingredients are grown in tropical regions, where
conditions are ideal for growing and harvesting specific crops. In this community overview, we focus on three
such ingredients: cocoa, coffee, and almonds. Each of these represents multidbalianenterprises, and

the success of each largely depends on understanding weather conditions in tropical environments. Cocoa
beans are converted to chocolate powders and liquors used in a variety of food and beverage products,
representing a $140 billion business annuaflyS @Sy & LISNOSy i 2F (GKS 62NI RQ
Coffee sales worldwide exceed $400 billion per year, and nearhinds of coffee beans are grown in
Columbia, Brazil, and Vietnat®lmonds require specific environmental conditions found in Northern

I TEAF2NYAILIT 6KSNB ymx: 2F (KS g2NI RQa adzlllX e Aa 3
companies involved in tropical ingredients like these, understanding current and future weather conditions is
critical to their success.

Selected User Profiles for ACCP Potential Use Cases for ACCP Data Products

Monitoring global weather trends

Intermediaries
Monitoring micro weather conditions

Tropical Ingredient Buyer Food Product Manufacturer Site similarity analysis for crops

Moving Forward for ACCP

Users in this community actively monitor weather conditions around the world throughout the year, as
growing and harvesting seasons occur at key times during the year and vary across the globe. Adverse
weather conditions in these regions disrupt crops, leading to major supply issues and price escalation. This
community has a simultaneous need for better data, models, forecasts, and predictions on both dolcgber
and a neaiglobal scale. Having greater clarity on weather and AQ conditions around the world, and with
improved latency and spatial resolution, would be highly valued by this community. These needs are
elaborated on in two use cases: monitoring global weather trends and monitoring micro weather conditions.

These use cases speak to current needs to monitor and predict crop yields in proven growing regions. Beyon
these needs, users also expressed the need to predict detrimental affects of climate change on growing
regions and anticipate new regions that might become suitable for growing certain types of crops. Several
companies and research organizations are tackling these questions and desire any type of data that can helg
improve prediction models. The effects on food quality, food security, and the economic benefits of farming
worldwide could be significant.

1. Population estimate from U.S. Census Bureau. (2020, JuBtaits$)for stories: world population day: July 11, 2020.
https://www.census.gov/newsroom/stories/worftbpulatiorrday.html

2. Revenue estimate from Statista. (n.d.). Cotitps://www.statista.com/outlook/cmo/hetrinks/coffee/worldwide Top countries from RTI interviews 68

3. Revenue estimate from Statista. (2021, May Size of the chocolate confectionery market worldwide from 2012 t0.2025
https://www.statista.com/statistics/983554/globahocolateconfectionerymarketsize/

4. See the Dat®riven Agriculture section for more information on site similarity analysis.
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User Community:
Food Companies Operating in Tropical Areas

=Y

Organizational Assessment

Companies in this community are engaged in production, distribution, quality control, sales, and marketing

of ingredients grown in tropical environments, as well as the final food and beverage products manufactured
from those ingredients. Examples include raw ingredients consumed as food products (e.g., almonds), plus
ingredients that are incorporated into food or beverage products (e.g., chocolate candies, coffee). Companies
involved in this community make decisions based on a-géztyal view of weather and environmental

conditions, because these key ingredients are grown in specific regions around the world where growing and
harvesting conditions are ideal. Many other food and beverage ingredients play a major role in global
markets and could be included in this community, including dairy products and sugar. To provide an
illustration of the complexities of this community, we focus on cocoa, coffee, and almonds.

Food manufacturergroduce the final food and beverage products that are sold to consumers and wholesale
and institutional buyers. They buy ingredients from suppliers via-terng contracts, using forecasted

demand for their end products to establish a volume of ingredients needed to satisfy that demand. These
companies are interested in weather patterns and forecasts but tend to rely on ingredient suppliers to closely
monitor conditions and apprise them of potential risks that would lead to price escalation or an inability to
deliver ingredients at the agreed upon volume. These users reaggeher data reports from suppliers or
brokers. Market reports are typically produced by a research institute cgrgoventagency affiliated with

the country where the tropical ingredient is grown.

Ingredient supplierssit between growers and food manufacturers. They take on the majority of risk in
delivering highguality ingredients at specified volumes to food manufacturers; thus, they have a lot to lose

or gain when weather conditions change. These companies work closely with regional entities and directly
with growers, in some cases, to source their tropically grown ingredients. These suppliers estabitsnong
O2yGNYOla 6AGK INRBOSNR G2 201 AY | RSaA3ayIFIGSR ©
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those conditions in a timely manner. To understand the potential risks to crop yields before, during, and after
a growing season, ingredient suppliers are heavy consumers of weather data around the world.

To stay abreast of local and global weathef,
users rely on data from a variety of sources,

including satellite data from NASA (e.g.,
GPM), NOAAe(g., GOESnd other
countries (e.g., National Institute of Water
and Atmospheric Research and Bureau of
Meteorology in New Zealand); other federd
agencies in the United States (e.g., NWS);
and free data aggregators (e.g., Weather
Underground, Weather Channel).
Nonsatellite data sources include -site
weather stations provided by county or
other regional agencies.

Intermediaries in this community include
free data aggregator®(g., Weather
Underground, Weather Channel) and
regional or national entities that monitor
and report on conditions relevant to
specificcrops. Valueadded service
providers are not as apparent in this
community as in others. The service
providers engaged in this community tend
to align with agricultural applications, such
as farm management and agricultural inpu
platforms.

Ingredient suppliers and food
manufacturers represent the end users in
this community. Ingredient suppliers are
responsible for delivering highuality
ingredients at specified volumes to the foo
manufacturers; thus, they have a lot to losg
or gain when weather conditions change.

1=

Food manufacturers are dependent on the|r

ingredient suppliers to deliver ingredients
at a specified quality, volume, and price.
Their interest in weather has more to do
with future disruptions to supply as a resul{
of climate change.
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3_1 Food Companies Operating in Tropical Areas

Organizational Assessment (continued)

These users monitor how a crop is developing, tracking weather models that may affect the market and price
and how they source supplies in response toweatf@O (i & @ | YRSNEGF YRAY3I (GKS g S
potential supplies of ingredients is critical. When these risks can be understood, users can make alternative
L Fya (2 FTAYR 20KSNJ a2dz2NDSa 2N 0NB (2 argbéirdypésedt® S I R
answer industncritical decisions related to questions such as the following:

1 When are appropriate times to buy specific ingredients (harvesting time and cycles vary around the
globe)?

1 Who do we buy from to ensure good pricing, continuity, and quality?
1 How do we price futures contracts knowing what may happen in the next few months/year?

Ingredient suppliers and the organizations they partner with to source various tropically grown ingredients
are familiar with a variety of weather data sources, including satddbteed data from NASA and other
organizations worldwide. The companies interviewed in this project are interested in collaborating with

NASA to apply improved data products to new models and forecasts. NASA is perceived in this community a
a valuable, trusted partner. New and better data and data products that can improve knowledge of weather
conditions worldwide could have a significant positive impact on this community.
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3_1 Food Companies Operating in Tropical Areas

Technical Assessment

Sourcing ingredients for food and beverage products is a global undertaking, with different regions around
the globe excelling in specific ingredient quality and yield based on local growing conditions. Users in this
community actively monitor weather conditions around the world throughout the year as growing and
harvesting seasons occat key times during the year and vary across the glélnwerse weather conditions

in these regions disrupt crops, leading to major supply issues and price escalation.

To stay abreast of local and global weather, users currently seek out data from a variety of satellite (e.g.,
GOES, GPM) and nonsatellite sources. Data products that more easily integrate a variety of data sources
against county, state, and country mapping are desired. Generally, users are interested in data products that
are more visual and more easily accessible (e.g., via common data formats across federal agencies and acrc
countries).

This community has a simultaneous need for better data, models, forecasts, and predictions on both-a hyper
localandaneadf 261 f &a0Ft Sd 9EI YL Sa 2F ySSR& | NB &dzyYyYl |
section.

Monitoring global weather conditions This community desires greater data accessibility and availability in
regions around the world. Improved understanding and modeling of global weather conditions could help
commodity markets more accurately predict crop yields and pricing. These users desire improviiriong

(12- to 18-month) and neaiterm forecasting models, greater accuracy in the models, and improved coverage
to monitor conditions more closely in specific regiafishe world (West Africa, California valleys, Brazil,
Columbia, Vietnam) that are the primary locations for crop production. Improved data products for
precipitation, wind speed, humidity, temperature, and fog are desired.

Monitoring hyper-local weather conditions In addition to the global view described above, these users

have a need to predict and monitor weather conditions in specific farms and fields. Users in this community,
especially those who work closely with growers in specific regions, are extremely interested in improved
methods to forecast and monitor weather conditions at a-sipecific level of resolution. They want near
reaktime sources of reliable data that can help guide decisions on alfggfarm basis. These users shared

that microclimate conditions vary across the region in which certain crops are grown, and those variations
affect decisioamaking throughout the growing cycle. They desire improved accessibility, availability, latency,
and resolution for precipitation, wind speed, humidity, frost, temperature, and fog.
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3_1 Food Companies Operating in Tropical Areas

Use Cases

Within this community, users may leverage EO data in a range of use cases to enhance current and future
decisionmaking capabilities. Examples of use cases within this community are as follows:

A Monitoring global weather trends
A Monitoring micro weather trends
A Site similarity analysis for crops (covered in the ERitiven Agriculture section)

Improved understanding and modeling of global weather conditions could help commodjty
markets predict crop yields and pricing.

Food production is a global undertaking. The ideal growing regions for several major food ingredients are in tropigaimofierocations
with limited resources. Users in this community expressed a strong desire to better understand weather conditions aglobs tidey are
relatively satisfied with the accessibility and variety of data available for North America and desire similar attribwiesslier data in other
regions of the world. Some of the critical global weather phenomena influencing predicted and actual crop yields arevtiegyfoll

A Droughts across Australia and New Zealand that may affect dairy production

Tropical cyclones in India and Pacific typhoons affecting palm/palm kernel production in Indonesia and Malaysia
Snow cover, cold air outbreaks (polar vortex), hurricanes, and floods that may affect sugar crops

La Nifia/El Nifio events and ocean temperatures as early signals of storms

Harmattan winds in West Africa and soil moisture index and vegetative index for canopy cover across the Ivory Coast

o o o o I

Precipitation in regions where coffee and chocolate are gro@olombia, West Africa, Brazil, and Vietnam

Users expressed a need for improvements in accuracy, reliability, and timeliness (latency) of these and other weatremrctlsdits also
expressed a need for improved models that better predict and interpret precipitation deviations from historical norms bledcenagparative
analysis tools to assess current conditions against prior years that most closely match current conditions. These numsilbéren order
to improve estimates of crop quality, timing of harvesting, and yield. Improved models and predictions lead to betteramntiteysbf
potential risks to supply chains and earlier actions to mitigate those risks so that disruptions to food supply chainsrazednand prices are
less likely to experience large fluctuations.
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Use Cases (continued)

% %
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is highly desired.

Users in this community, especially those who work closely with growers in specific regions, are extremely interestes/ad imethods to
forecast and monitor weather conditions at a sgipecific level of resolution. Users in this community consistently expresdesire for
spatial resolution at 1 km or less.

Users are seeking near reahe sources of reliable data that can help guide decisions on alfgrfarm basis. These users séd that
microclimate conditions vary across the region in which certain crops are grown, and those variations affect-deigignthoughout the
growing cycle.

These users, along with growers in the region, are ingesting data from a variety of sources:igenvaged weather stations (pbes for soil
moisture, rain, atmospheric conditions, frost); Weather Channel; GOES 16, 17 imagery; and local radar and doppler syuacesatking
several weather conditions that affect crop yield, including temperature, wind gusts, wind speed, humidity, frost coralitiom®cipitation.

These data are particularly critical at key times in the growing cycle (e.g., timing of pollination events, blooming emmgfletages,
harvesting and drying). Weather data during bloom and 60 days beyond are essential for predicting the crop yield. Intheteeattical
stages, weather data are used to monitor conditions that might lead to disease or pest infestation.

Some of the specific areas of interest and improvement expressed by this community include the following:

Near realtime datar Low latency to within the day (most data are accessible the day after) is needed.

Reliable data Current temperature and wind speed sources are inconsistent in accuracy.

Precipitatiort Reaitime satellite precipitation data are desired to understand cocoa pod setting, flowering, and development .
Frost Realtime data to predict and interpret frost conditions in the orchards are desired.

Fog Understanding hours of fog and density of fog would help growers with effective orchard management.

o B0 Bo Do Do o

Evapotranspiration and moisture stras3hese data are useful to guide decisions on irrigation, but data collection is culedyuty
intensive and time restrictive.

o

Leaf wetness can help determine whether crops are liable to get foliage fungi and other disease conditions.
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Tropical Ingredient
Buyer/Manager

User Community:

Food Companies Operating in
Tropical Areas

Who are they?

Heads of procurement, sourcing
strategy, and grower relationships at
major food ingredient companies

Intermediaries

Tropical Ingredient
Buyer/Manager

Who do they work for?

Major ingredient companies that are
partially or completely focused on
ingredients, including coffee,
chocolate, sugar, and almonds.
These ingredients are grown in
unique microclimate environments
around the world. These ingredient
companies serve as a critical link
between growers and major food
brands that manufacture and
distribute final food products.

I:DjRTI Innovation Advisors

Companies involved in sourcing tropical
Ingredients closely track weather effects on
the growing cycle and supply chain.

What decisions are they making (and how) today?

These users need to determine when to buy specific ingredients, who to
buy from, what to expect from a pricing and volume standpoint, and
where the risks are in terms of delivery and quality of ingredients.

Do they have experience with EO data?

Many of these users are avid consumers of EO data from a variety of
sources. Some were familiar with advancements in GOES sensing and
data products.

What do they care about?

These users desire improved forecasting models, greater data accuracy,
data products with improved resolution on specific farms/fields of
interest, and improved coverage to monitor conditions more closely in
specific regions of the world (West Africa, California valleys, Brazil,
Columbia, Vietham). They named specifically improved data products
for precipitation, wind speed, humidity, temperature, and fog. They are
interested in understanding the physiological processes of trees
(evapotranspiration, moisture stress) and their interdependencies with
weather. Understanding this concept and automating decisiaking

for the farmer are considered the holy grail.
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Tropical Ingredient
Buyer/Manager

oOur [almond] bloom weather is
criticalt the other 50 weeks
mean nothing if these two weeks
I NE o0 R®¢
T Vice President, Aimond Grovgn
Company
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data could be easily aggregated
by county/state or country level

NEf I G§A@DST
T Senior Buyer, Chocolate
Ingredient Company
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What are their technical needs?

Higher resolution is important because some of the regions of interest
have unique microclimates. The conditions in one valley can be
completely different from the conditions in the next one. These users
need improvements in accuracy, reliability, and latency of all data,
especially precipitation data across regions outside the United States
(e.g., West Africa). Any data that can improve models that predict crop
guality, nature of harvesting, and flow of crop are beneficial. They need
better ways to determine shade canopy and health of crops that are low
to the ground. They want methods of understanding evapotranspiration
and moisture stress.

What would motivate them to use NASA EO data?

They would use NASA EO data if the data had improved availability,
latency, and resolution more realtime data in higher spatial

resolution; improved accessibility of data in key geographies outside the
United States (e.g., West Africa, Pacific storms, New Zealand/Australia);
and improved data products for U.S. regions (e.g., better resolution of
temperature, precipitation, fog, and moisture data through Sacramento

B Ban Joaqiiin \aley CeintfalS/AlIBy).

What are their adoption barriers for using NASA EO data?

Thely wahtthi§H®\el models and data products that incorporate EO
data, not raw data feeds.

What are they afraid of?

Poorperforming crops, surprises and disruptions to the growing cycle,
and the economic impact of those things are all concerns.

What do they NOT care about?
These users do not care about data coverage outside tropical regions.

What are some key use cases?

A Monitoring global weather trends

A Monitoring micro weather conditions
A Site similarity analysis for crops
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Food Product
Manufacturer

User Community:

Food Companies Operating in
Tropical Areas

Who are they?

As quality or sourcing managers at
branded food companies, these
users work closely with ingredient
adzLJLJX ASNE | yR (K¢
to assess, evaluate, and verify that
ingredients meet their sensory and
gualitative performance criteria.
They are accountable to consumers;
thus, they must confirm that
ingredients brought into the
company are safe for consumption
and will deliver higkguality final

food products.

Food I’(uct

Manufacturer

Who do they work for?

These companies buy ingredients to
produce final food products for
institutional (hotels, university
cafeterias), commercial (restaurants,
catering firms), and retail customers.

Uy

I:DjRTI Innovation Advisors

Food product manufacturers rely on
iIngredient suppliers to manage supply chai
risks; interest in satellite data aligns with
bigger issues, such as climate change.

What decisions are they making (and how) today?

These users make buying decisions. Coffee, cocoa, and other tropically
sourced ingredients are purchased via ldagn agreements. Quality

and sourcing managers have to make leegn decisions such as which
contracts will be fulfilled, from which regions, and what the contingency
plans are if those contracts cannot be fulfilled or the quality of the
ingredient is not satisfactory.

X ' ' ?
Do fhey hiayessgpetience wWith £Q data
These users are historically less familiar with EO data. They rely on
weather and AQ forecasts from their ingredient suppliers and other

sources.

What do they care about?

These users greatly desire lotegm weather forecasts (12 to 18

months) that provide increased confidence levels. These forecasts are
monitored to understand precipitation levels, dryness, and ocean
temperatures (for risk of major storms). These forecasts help buyers
understand where future issues with crops may arise in regions around
the world and thus how supply and pricing might be affected. During
critical times in various growing seasons, they desire neattireal

status of weather conditions in key areas of the globe, such as
Columbia, Brazil, and Vietnam, which produce 60% to 65% of the
g2NI RQa adzLl)f e 2F O2FFSSo
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Food Product
Manufacturer

"The impact of climate change
on coffee crops is a big concern.
There are pessimistic
predictions that in 15 years
Brazil will not be able to
produce coffee anymore due to
climate change. The big coffee
companies Unilever, Nestle,
Keurig Dr Pepperhave

internal research teams

G2NJAy3 2y GKAA

T Quality Control Manager, Coffee
Company
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What are their technical needs?

These users need improved accuracy in {ergn precipitation models,
especially models that can help assess risks in remote growing areas in
South America and Asia. They also need improved data and models tha
can forecast longerm impacts that climate change will bring and how
regions and countries can prepare for those changes.

What would motivate them to use NASA EO data?

They would be motivated to use EO data if they have data that lead to
improved confidence in lorgange forecasts, greater visibility into
weather conditions in tropical growth areas in near real time, or
predictions on the effects of climate change on current growing regions.

What are their adoption barriers for using NASA EO data?

Ingredient/sourcing managers at major food manufacturers are not
likely to adopt NASA EO data for daily use. Instead, they will rely on thei
A idgéedig®it®dppliers to monitor weather conditions for them as a way to
de-risk their own ingredient supplies. However, researchers at some of
these companies are trying to understand and predict the effects of
climate change on their industry. Increased awareness of and access to
NASA EO data could be the beginning of deeper engagement with this
community.

What are they afraid of?

These users are concerned about the pace and intensity of climate
change. For example, key questions in the coffee industry include how
will climate change affect coffee farming? What regions will become
unsuitable? Will other regions become more suitable and, thus, coffee
production will shift over time? Many companies and research
organizations around the world are exploring these questions currently.
Data and models that could improve confidence levels in-teng
forecasts like these would be immensely helpful.

What do they NOT care about?

Ingredient/sourcing managers do not care about-d@day weather,
unless it is severe and may compromise their supply chain.-tesng
seasonal data and outlooks are more important to them.

What are some key use cases?
A Monitoring global weather trends
A Monitoring micro weather conditions

A Site similarity analysis for crops
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ACCP User Community Profiles

ﬂ Health and ShofTerm Air Quality Monitoring
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ﬁ Health and Shofterm AQ Monitoring

Community Overview

Researcherdjealth care providers, and polieyakers recognize the impact of air pollution on public health:
fine particulate matter (Pl) may exacerbate chronic respiratory and cardiovascular diseases and has been
correlated to conditions such as lung cancer and breast cancer. Understanding the impact of pollution on
health outcomes has long been a research priority. The State of Global Air initiative considars fine
2dziR22NJ FANJ LRffdziAz2zy GiKS fFNBSad RNADSNI 2F | AN
million deaths globally, a 23% increase over the past detaugeneral, the health community is interested

in understanding both shoreaind longterm health impacts from air pollution. Users interviewed in this
particular community subsection focus primarily on acute health effects of pollution, such as respiratory
attacks from chronic obstructive pulmonary disease (COPD) and asthma. These acute reactions can have
large effects on health care visits and costs. For example, a 2018 Environmental Health Perspectives Study
discovered thatir pollution played a role in up to 33 million emergency room visits for asthma attacks in
20152 A 2010 RAND Corporation Report indicated that pollutielated hospital admissions in California

cost health care purchasers/payers over $193 million in hospital®ddrelerstanding and avoiding AQ
conditions leading to these acute respiratory events could help patients prevent costly atiddid¢ening

health consequences and help health care providers best treat their patients.

Selected User Profiles for ACCP Potential Use Cases for ACCP Data Products
®

Individual or cohort health monitoring

Intermediaries
Clinical decision support

Data Scientist for Patient or Caretaker

Outdoor Air Health Care : : . o
. . . Managing Respiratory Environmental monitoring
Quality Insights Provider Disease

Platform ®

Moving Forward with ACCP

Future data poducts can raise the bar within this user community by providing global coverage of vertically
resolved data broken down by types of particulates, including ultrafine (PM 1) aerosols, filling in gaps to the
groundbased sensor networlkColocation of weather and aerosol data will improve understanding of how
aerosols are dispersed and deposited across an area of land and, ultimately, help with forecasting.

Althoughprivate-sector health care applications offamumber of opportunities for using these data, current
research gaps must be addressed before incorporating these data into some use cases. For example, the
research community must establish clear links between aerosol types and health impacts. Engaging with
entities such as the Environmental Protection Agency (EPA), Centers for Disease Control and Prevention
(CDC), and the National Institute of Environmental Health Sciences (NIEHS) for joint research to understand
these links may better set up successful use of this data in the private sector.

1. State of Global Air/2020. (2021). Health impacts of Pittps://www.stateofglobalair.org/health/pm

2. Anenberg, S. C., Henze, D. K., Tinney, V. et al. (2018). Estimates of the global burdgozéiiyland NObn asthma incidence and Emergency room 79
visits.Environmental Health Perspectives, (12§ https://ehp.niehs.nih.gov/doi/full/10.1289/EHP3766

3. Romley, J. A., Hackbarth, A.,& Goldman, D. P. (ZBEdmpact of air quality on hospital spendR4ND
https://www.rand.org/pubs/technical_reports/TR777.html
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ﬁ Health and Shofterm AQ Monitoring

Organizational Assessment

Air pollution is widely studied across communities within the environmental public health profession,
including researchers, regulatory agencies, industry, and poleing organizations that incorporate AQ

data into large epidemiological studies. This specific user community focuses on the stakeholders in the
health care community that are interested in near raie monitoring of current conditions and sheterm
F2NBOlFadAy3aod ¢KSaS RFEGF KSELI YF1S RSOA&AA2Yya NBf I
which may ultimately decrease acute respiratory crises, improve patient care, and reduce health care costs.
Ultimately, this user community is most interested in small PM that has been shown to negatively affect
health, such as PM and PM 1. The community currently relies on readings from grenasgd sensors that
provideareali A YS SadGAYI OGS 2F LRttdziAazy |G ayz2asS fS@St ¢
network incorporate calibrated, eground EPA sensor networks and are starting to incorporate readings

from low-cost, realtime AQ sensors provided by companies such as PurpleAir. Advanced users may
incorporate satellitebased AQ data products (like MODIS outputs), but current satellite data products
measure aerosol within the column of air, and more information is needed to use those observations to
estimate surfacdevel PM, .and augment the spatially limited grousithsed observations.

Many users within health care currently (or may in the near future) incorporate AQ data in their decision
making.Patients and caretakers monitoring respiratory disease symptomesively monitor environmental
stimuli , including outdoor air pollution, that may trigger an attack. Air pollution data help them make better
decisions on opportunities to be outside, exercise, or travel that mitigate the risk of respiratory symptoms.

Management of behavior using air pollution data is encourageclibicians and health care providersvho

may use these data to better manage their cohort of patients. Ultimately, this information will help these
providers understand what their patients are regularly exposed to and inform how to best treat their
conditions. Individuals in these health care settings could use these data to anticipate times when asthma
and COPD attacks may increase based on the AQ forecast.

Patients and health care providers rely on platforms that aggregate AQ data with other data products, such
Fa NB&OdzZS AYyKIFIEtSNI dzaSz (2 o0SGOUSNI dzyRSNEGFYR | YR
health outcomesData scientists creating outdoor AQ platfornagygregate data and insights to help users
understand what cohorts of patients may be at risk for acute respiratory events, who might be underserved
based on current therapies, and what sorts of health risks may be more prevalent in certain areas based on
type of air pollution. In the next 5 to 10 years, users of st@nn AQ data colocated with health data may
expand the data to uses such as charting software products, modules, and other clinical decision support
systemghatK Sf LJ ONBIF S NBO2YYSYRIGA2ya F2NJ OFNB ol 4SR
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ﬁ Health and Shofterm AQ Monitoring

Organizational Assessment (continued)

Private health insurers and public purchasessch as Medicare and Medicaid may be future users of data,
especially in their managed care programs. Understanding AQ trends and forecasting in certain regions coulc
serve as an important data point to understand riBlata analystould use AQ data to understand the

health burden on a particular population subset and use these data to inform their premium pricing.
Insurance providers have a vested interest in promoting healthy behaviors in their enrollees, which ultimately
reduces their costs.

Data are collected from grourdased Data are aggregated into a gridded networ| Patients with respiratory diseases and thei
sensor networks and satellite sources, that maps sensor readings or sateHttased caretakers may plan outdoor activities
including MODISVulti-angle Imaging observations. These platforms may leveragel around AQ readings given by these griddefl
Spectroradiometer (MISR), Visible Infrared| | individual or population health data and data products. Health care providers often
Imaging Radiometer Suite (VIIRS), Ozone other environmental factors to understand recommend use of these data sources to
Monitoring Instrument (OMI), and links between AQ and health outcomes. patients and may also use these products fo
Tropospheric Monitoring Instrument understand what their patients may have
(TROPOMI) data. been exposed to or when to expect a higher

level of emergency room visits.
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ﬁ Health and Shofterm AQ Monitoring

Technical Assessment

This user community focuses on ndame to shortterm forecasting of air pollution and its effects on health,
which requires data with high spatial and temporal resolution. Community members prefer a spatial
resolution of 250 m or less (and, ideally, 50 to 100 m) and subhourly temporal resolution. Latency needs
depend on whether there is a reeime AQ event. For example, when wildfire smoke comes through an area,
data within the hour would be ideal. For AQ forecasting, users are interested in understandaogéions
approximately 2 to 7 days in advance.

Currently, this user community mostly relies on grotrased sensor networks, such as those maintained by
the EPA, and lowost sensor networks, such as PurpleAir or Plume sensors. This network, however, is
difficult to maintain and has limited coverage. Therefore, coverage in rural areas can be extremely low.
Health care researcheend practitioners may be missing out on key information on what individuals in rural
areas are routinely exposed to, such as agricutretated pollution data. Globadcale coverage is the true
value of satellitebased data compared with current eground sensor networks, especially in developing
economies and rural areas where sensor coverage is low.

Specific aerosol data needs for this user community include the following:

Improved characterization of the types of aerosols they are encounterirgxposure to different types of
particles (beyond PM size) may affect individuals in different ways. Understanding what types of particles an
AYRAGARIZ f Yl & 06S SELIRaSR (23X AyOftdRAy3d Rdzaldsz yS
could help researchers and clinicians better understand the relationship between exposure and health
outcomes. This community would especially value measurement of ultrafine particles (~PM 1).

Highly resolved, groundased PM  data across a global scalet 2 dzy RSNAGFYR +Fy AYRA
exposure to aerosol and PM, users must consider not only the aerosol optical depth of the entire column of
air but also the vertical distribution of aerosols across that column, mostly those at nose level. Users are
interested in satellite data products with high global coverage that can provide an understanding of particle
concentration at the surface level.

Improved understanding of threalimensional aerosol motion Colocated aerosol, CCP data can help users
better understand dispersion and deposition of particles due to weather events such as rain and wind,
painting a more accurate picture of aerosol forecasting (&fgento expect smoke from recent wildfires to
enter the area and when dust may leave the area).
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Technical Assessment (cont.)

Colocated and easily accessible dat&sers often incorporate many data sources (including satdibised
sources) to understand the effects of AQ on health. Users indicated a desire for additional colocated data,
such as surface heat, visibility, humidity, wind, and wind direction. In addition, users noted the value of
pulling both surfacéased and satellithased AQ data into one database for a universal AQ platform.
Cleaned, validated downloadable data sets, with API calls or ArcGIS layers, can help users more easily
incorporate these data sets into their own platforms in a timely and accurate fashion.

Although this user community focuses on ndiane and shoriterm forecasting of AQ data, their eventual

use of satellitebased AQ data products requires an improved understanding of the impacts of certain types
2F LRtfdziA2y 2y Yy AYRAQGARIZ £ Q&d KSIFfGK 2dzido2YSax
¢tKSasS RIGIF gAftt SylrofS GKS O2YYdzyAide G2 Y20S o0Se
into more actionable data that can inform health risks.

Specific technical needs for sateliitased AQ data were discussed with respect to three use cases,
summarized here, and expanded on later:

Individual and cohort health monitoring Managing care for individuals afflicted by respiratory diseases

such as asthma and COPD may involvetdalay monitoring of outdoor AQ around them. Understanding

what particles they may be exposed to and when AQ may be sufficient for them to leave the house can help
reduce rescue inhaler use; emergency room visits; and, ultimately, health care and-gtHifgycosts.

Clinical decision suppott! Y RSNAEGF YRAY 3 +y AYRADARIZ f Q& SELI & dzN.
health care providers make personalized care recommendat®ds3I A G € KSF € G K LI I GF 2N
are helping them understand the link between AQ and health outcomes, and these platforms may be
incorporated into clinical support software and decisimaking tools later.

Environmental monitoring Short and longterm monitoring of many environmental factors in a certain
location, including AQ data, can help understand key trends and needs, identify hot spots, and help many
potential end users identify links between environmental exposure and specific health outcomes.
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ﬁ Health and Shofterm AQ Monitoring

Use Cases

Within this community, users may leverage EO data in a range of use cases to enhance current and future

decisiormaking capabilities. Three examples of use cases within this community are as follows:
A Individual or cohort health monitoring

A Clinical decision support
A Environmental monitoring

Colocated aerosol and weather data may help patients and health care providers better
anticipate conditions that may lead to respiratory distress.

Patients and caretakers managing cardiorespiratory diseases consider outdoor AQ when making everyday decisions. Fd2 theghibrld39
million asthma patients and 251 million COPD patients, exposure to PM may trigger an acute respiratory event, whicHitethddagening.
Monitoring outdoor AQ conditions is one of the most effective ways to avoid these events. Therefore, health care provatarseral that
iKSasS LI GASyGa OGAGSte Y2yAG2N) GKS OdNNByd adl dS 2 7tAQwayamifed S
people in sensitive groups. Users leverage these resources to make decisions on whether to (or when to) leave the hosseyaxel; and
more. In areas with frequent AQ crises such as wildfires, educational institutions and companies may limit their outdties detsed on real
time or forecasted AQ readings that could be unhealthy to sensitive groups.

Users of this information are looking for reahe AQ information, as well as sheagrm forecasting: What might the next 2 fdays look like? A
better understanding of weather and aerosol relationships, incorporating barometric pressure, wind, and precipitationprisaphm/e
forecasting what the week of AQ might look like. Readings for specific types of aerosol and PM, such as pollen or digstliffareht
populations react and prepare for AQ events. For this use case, satellite data can provide coverage across geographicraaga®t have
nearby onground sensors, such as rural areas in the United States or in developing economies across the world. Theseoseesrae with
surfacebased readings at nose level and have the highest spatial resolution needs, down to the neighborhood level andyplesertiain 250
m.

treatments and therapies.

/ TAYAOLIT RSOAAAZ2Y adzLILI2 NI Ay O2NLIR2NFGSa I LI GASydQa LibiedsFyrl f
example, what might be the best therapy for an asthma attack? By understanding what specific types of particles an ingsvimhead exposed
to, and for how long, health care providers can move toward therapies and approaches that best fit the needs of a spestfic pa

Although a significant amount of research has been done to understand the relationship between air pollution and betnstiong-term
health consequences, the research community still needs to understand the relationship between particle types and spkicificicemes.
Even though researchers may be the primary users of this information now, in the next 5 to 10 years, this informatioa Dmolgbrated into
LINE RdzOGla adzOK | a Of AyAOlf OKINIAYy3 a2Fdél NS I YR Rierd Keaod. ISoitRaie
FLILX AOFGA2yas adzOK a tNRLSEESNI I SIHfGdKE ¢gKAOK O2f 2 CQlpithtdn, visibiligy, G
temperature, and wind are moving toward offering personalized, dhtaen insights using environmental inputs such as AQ data.

This community will value enhanced abilities to determine the specific particles the patient or patient cohort has beeud expBscause
these users are interested mainly in exposure to past and current aerosols rather than a forecast, they value a shofbitatatecproducts

6t Saa GKFIYy | RF&0 YR KAIK NBaz2tdziazy O6ARSIFEfe&z f Sxpdureitdpariicles: p

Detailed aerosol data can be used in clinical decision support models that optimize healt}|1 car

KSI
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w
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ﬁ Health and Shofterm AQ Monitoring

Use Caseggontinued)

Aerosol and weather data can be used in environmental monitoring to help understand ht
health patterns, links, and hot spots.

Environmental monitoring incorporates a variety of data sources to help identify general health needs for a populatieraim docation.
Environmental monitoring leverages a number of satellited groundbased data sources to help understand specific locatiomsefample,
data on weather, light pollution, NDVI, and surface temperature, along with colocated health outcomes data, could heghesdtatiier
populations in urban areas are more susceptible to certain acute and chronic conditions. Users are looking for data toatacidased
aerosol measurements that are highly spatially resolved, provide global coverage, and can differentiate between pantidlesov@rage of
satellite-based AQ data would help augment-ground sensors and wearables. Although this data aggregation can help identéptcamd
acute needs based on sheadrm data, it may rely on long data records to identify anomalies with current conditions. Envir¢elmaonitoring
could be used in several ways:

A Anticipate potential community health needs in response to environmental conditions, including AQ events and naturas disabtary
health care providers such as emergency departments to better equip themselves for patients with acute respiratory issues.

A Identify hot spots of poor AQ, especially in rural areas and developing economies, wkgr@ind sensor concentration is quikaw.
A Identify if current respiratory therapies are treating patients effectively and if there are areas of unmet need becadghkgoliution.

A Understand health risk trends for certain areas and create indices for certain health conditions, such as depressioatgnahicximay be
influenced by AQ.

These data could be used by government pefi@kers and AQ management districts, health care data analytics companies treat serv
LIKF NXYI OSdziAOFf IyR YSRAOFIT RS@GAOS O2YLIyASaz FyR O2YLlogeathginl
areas with AQ risks. Insurance companies may also use these data to understand health burdens on a particular poputhtioay \wiiorm
their premium pricing.

Because this application incorporates a significant amount of data from disparate sources, users would like data soceregrthatle clean,
validated, downloadable data sets that are flexible (e.g., can change units quickly) and have some mechanism to easily ltrangf (i 2
LI FGF2NYVsE adzOK & !'tLa 2NJ!w/ DL{ fF&@SNR® C2NJ b! { !for &k lddatioridaiiyO
(e.g., all satellitdbased information for the city of Raleigh, North Carolina).

imar

85



Individual or Caretaker
Managing
Respiratory Disease

User Community:
Health and Pollution

Who are they?

These users live with respiratory
conditions such as asthma and COP!
and have noticed a linkage between
AQ and the onset of respiratory
symptoms. They may have serious
symptoms that could require rescue
inhaler use or hospitalization. They

I NBE KSIFItidK O2yacl
NBaSINOKe¢ (2 FAY
can help them make decisions.

Intermediaries

Individual or Caretaker
Managing Respiratory
Disease

Who do they work for?

Could be everyday people, parents
of children with asthma, or
caretakers/teachers in daycare
centers and schools who look after
people with respiratory challenges.
They keep abreast of current AQ
detection technologies, may be early,
adopters of personal air purifiers,

D

5

and like having data to help them
make decisions. They may also be
early adopters of wearable
technologies.

I:D—RTI Innovation Advisors

Satellite data can help inform AQ forecast
models that help patients manage their
respiratory conditions.

What decisions are they making (and how) today?

These data users rely on AQ data to determine when they can safely
avoid days and times where particulate concentrations might cause a
respiratory event. AQ information helps them weigh risks ontdaglay
activities (e.g., whether to let children with asthma play outside), and it
also may help them incorporate products or approaches to reduce their
K2YSQa AYR22NJ AN LRfftdziA2yd az2a
applications, such as AirNow, that are available for smartphones. These
sources leverage data from growhdsed sensor networks. Users may
consider purchasing and incorporating l@ast AQ sensors around their
own home. They are interested in Blvand other PM, as well as other
types of pollutants, such as pollen and ozone.

2Dothey have e@(p“eg'enqerys&h EO data?
They Enfpldy¥dhté viaZh¥party, fihly gridded, and processed sources

and typically lack the capability to interpret data from satellite sources.

What do they care about?

These users are most concerned about,REhd other PM, such as
pollen, in their immediate environment. Thus, they could need high
resolution data, approximately the size of a city block (tenb0
resolution) data.

Ultimately, these users want to proactively, rather than reactively,
manage their respiratory conditions and how they relate to AQ;
improved forecasting abilities can help them make decisions beyond the
current 1- to 2-day forecasts.

These data users are especially interested in wildfire smoke: When can
we expect smoke from West Coast fires, for example, to reach the Great
Plains? When can we expect AQ to improve?

These users are interested in understanding their exposure to 0zone anc
volatile organic compounds.
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Individual or Caretaker
Managing
Respiratory Disease

GLYLNROSR | SNRa&2
help us to predict and avoid
costly asthma or COPD
SEIF OSNB I GA2Yyadé
T VP of Science and Research,
Digital Health Platform Company

Ij—_RTI Innovation Advisors

What are their technical needs?

These users want high spatiotemporal resolution data: spatial resolution
less than 250 m and near ret@ine capture (needs that are currently
satisfied by lowcost sensor networks). They need accurate AQ forecasts
approximately 2 to 7 days out, which are informed by convective
weather and precipitation data. They would like the ability to identify
an@ linberstar®l Th8Zpétific particulates that they might be exposed to,
including PN, ultrafine particles such as PM 1, pollen, dust, and other
types. They require AQ data at the surfdzsed level.

What would motivate them to use NASA EO data?

They would be motivated by having data that are easy to use and
interpret (most likely incorporated in the AQ or health applications they
currently use) and that provide actionable information beyond just a
GNBRZ &Stt2¢3x INBSye GeLS 27F | LI
in the next 3 days?

What are their adoption barriers for using NASA EO data?

These users have a low maturity level of employing NASA data products
Low-cost sensors are designed to be easy to set up and interpret by
everyday users and may be preferred by these users.

What are they afraid of?

Accurate information about current and future AQ can play a significant
NREES AY YIyYyF3aAy3a Iy AYRAGDARIZ f Qa
unpleasant for the sufferer, could lead to significant health care costs,
and may even be life altering or threatening. These users, however, tend
to leverage multiple data sources and approaches for making health
related decisions.

What do they NOT care about?

These users typically only care about AQ observations and forecast
models where they are currently located; re¢athe AQ sensors close to
Iy AYRAQGARdzZ ft Qa K2YS OFy STFFSOGA
understand additional locations where they work or travel and to
appropriately forecast AQ, coverage over a large area is more important

What are some key use cases?
A Individual or cohort monitoring
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Health Care Providers

User Community:
Health and Pollution

Who are they?

Highly trained medical professionals
who directly work with patients with
respiratory issues. Includes family
medicine and pediatric physicians
and specialized respiratory experts.
Their job requires diagnosing
respiratory issues and helping
patients manage symptoms of their
disease effectively. They are patient
advocates for resources from the
health care network. They keep
abreast of the latest research in
respiratory health and are interested
in personalized medicine.

Intermediaries

Health Care Providers

Who do they work for?

Belong to health care network or
private practice, ultimately
interfacing with patients. These
users answer to department heads,
directors, and health care
administrators. They are acutely
aware of the link between AQ and
hospital spending and understand
that AQ crises can lead to an influx
of patients needing acute respiratory.
care. They can be advocates of using
new types of information for

hospital administration, but they
would need to show that adopting
AQ data leads to a high return on
investment in terms of fewer

hospital visits.

I:DjRTI Innovation Advisors

Health care providers look to AQ
information as data that can help them
treat their patients more effectively.

What decisions are they making (and how) today?

These users may leverage AQ data to monitor health outcomes of a
certain cohort. Physicians recommend using thpedty AQ applications

or digital health monitoring platforms, such as Propeller Health, to help
their patients avoid circumstances that could trigger an acute attack.
Understanding what these patients have been acutely exposed to, as
well as what their baseline exposure to environmental pollutants is, may
in the future help health care providers recommend courses of
treatment that can better manage respiratory symptoms. Understanding
potential hot spot areas could help providers proactively reach out to
patients living in these areas to help them avoid potential health effects
of pollution. Health care providers use AQ information as a data source
to understand the health needs or trends that might occur in the next
few days: for example, how might we prepare our urgent care facilities
to deal with wildfire smoke?

Do they have experience with EO data?

They employ data via thirdarty, highly gridded, and processed sources
and typically lack the capability to interpret data from satellite sources.

What do they care about?

These users are interested in regional or global coverage of data,
especially in rural areas and developing regions wheredast sensor
networks are not abundant. These users would like better information
on the types of particles an individual has been exposed to and how
exposure may affect their treatment and health outcomes. Ultrafine
particles are a specific and growing area of interest because there is a
current gap in groundbased sensor technologies for detection. Health
care providers are also interested in understanding how specific
weather events, such as convective activity that leads to temperature
inversions, may affect the way air pollution is dispersed. They recognize
an important gap in understanding how natural disasters, such as
tornados and hurricanes, may affect AQ. This information would help
health care facilities better prepare for addressing any resulting health
issues in the affected population. Accurate forecasts, which take into
account weather data such as convective activity and precipitation, may
help health care facilities (and their patients) plan appropriately for
events that may trigger acute respiratory events. Health care facilities
may be investing in means to anticipate health care demand from
environmental factors in response to COMI? Health care
administrators may adopt these data products in the next 5 years.
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Health Care Providers

What are their technical needs?

® These users need retime and forecast models to help them
understand convective activity that may lead to temperature or
atmospheric inversions. Forecasts of 2 to 7 days out would be helpful,
428 3da3sad GKF G EﬁP?&iﬂn)\éin cdr%umséa{chs uch as natural d_isasters. They require high
asthma, COPD., [and] other spatial resolution less than 50_m and near ma@Ie captL_Jre. Latency
o : . needs depend on whether a reine AQ event is occurring. For
reSP'rator_Y |ssue,s menltor their example, when wildfire smoke comes through an area, data within the
KSttaK gAuK Fy HA N livdald beided. They-dadR fmproved understanding of particulate
T Family Physician, Lead of type and amount of that certain particulate, including PMdust,
Respiratory HealtFoundation wildfire smoke, pollen, and especially PM 1, where there is a current
gap. Global coverage of data, especially in rural areas where agricultura
pollution is a growing challenge and health risk, is also a need.

What would motivate them to use NASA EO data?

They would be motivated by having data that are incorporated into a
428 ySSR 0SG5S NI|f arigded eagpo-interpyeplatform (such as a digital health platform).
quality and health. Satellite data

with global coverage would be What are their adoption barriers for using NASA EO data?

readily used for health These users are more apt to use grotlmaked sensor networks, even
I LILX A OF G A2y 4 dé though they are limited, because they offer readily available and
ingestible products. Health care providers typically leverage freely
T Clinical Researcher, Larg available or lowcost data sources. Health care facifitjde use of data
University Healthcare System products is yet to happen. Although research has linked air pollution

with health care costs, users must demonstrate that implementation
reduces hospital admissions, ER visits, and health care costs.

What are they afraid of?
G/ 2Y6GAYSR RIGE 2 yHe%Itg ¢age previders feanangck of adoption of tools to manage
quality, and pollen could provide respiratory diseases, which ultimately puts some patients at risk for
patients with data about high acute respiratory events. Although some individuals are early adopters
risk periodsThis type of data Qf teqhnology, some do,not want to try new davtavsour,ces to manage
could be used by health care GKSAN] aéyLiizvyade Ly [ RRAGAZYSZ 024
facilities like urgent care and bring data products to patients. They may also fear current research
emergency departments so they gaps that limit their ability to readily use detailed AQ data.
g ')%h; b)\e gegdé?r AnnErease 1 \what do they NOT care about?

These users do not care about resolution as much as patients and
T Family Physician, Lead of | caretakers managing respiratory diseasescurate observations of
Respiratory HealtRoundation LI NOAOES (GeriSa FyR I LIGASydQa S

What are some key use cases?
A Individual and cohort monitoring

A Clinical decision support 50



Data Scientist for
Outdoor AQ Platform

User Community:
Health and Pollution

Who are they?

These companies are working to
create AQ data sets that can help
end users in a variety of industries,
including health, make informed
decisions. These individuals often
have a background in geospatial or
satellite-based systems and
experience in integrating and
modeling data.

Intermediaries

Data Scientist in
Company That Monitors
Outdoor AQ

Who do they work for?

These companies may create
products for (1) individuals to
monitor their own health, (2)
clinicians and public health
professionals to understand,
address, and potentially mitigate
pollution exposure, and (3) health
carecrelated companies that may be
interested in understanding unmet
needs or health outcomes in certain ¢
areas. These users aggregate and
create insights from these data.

I:DjRTI Innovation Advisors

Data scientists leverage AQ with additional
environmental factors to create health
related insights.

What decisions are they making (and how) today?

These users incorporate multiple sources of data to help their
customers create a link between AQ, additional environmental factors,
and health outcomes. This information could help identify hot spots of
poor AQ and unmet health care needs, help establish the relationships
between AQ and specific health conditions or therapies (such as rescue
inhaler use), and help users understand when to expect specific types of
air pollution.

These companies are often platform based and meant to work across
multiple industries, creating insights from multiple data sets. Many rely
on groundbased satellite networks and use sateliiased data to help
fill in the gaps missing in the sensor network. Modeling experts have
mentioned use of MODIS, Deep Blue models, MISR, VIIRS, OMI, and
TROPOMand are ultimately looking to use data from the upcoming
Tropospheric Emissions: Monitoring Pollution (TEMPO) mission, GIS
Climate Model, and Planet Lab data.

Do they have experience with EO data?

Many are sophisticated users and can interpret and integrate satellite
and nonsatellite data into their own models. Although they prefer data
with some preprocessing steps, they can employ lower level data.

What do they care about?

These users value integration and colocation of data with other satellite
data (weather data, light pollution data) and groubdsed

measurements such as wearables, phone accelerometers, and ground
based sensors over a time series. A large gap in satetliied AQ data

is the current inability of the air column data to directly correlate to
surfacebased PN data; a satellitebased resource with global

coverage could help address gaps in areas without grdaaséd data.
These users would like high spatiotemporal data as well: users would
ideally like to pull reatime air pollution data from anywhere around the
world. Despite needing high temporal resolution, many users request
data in specific locations over long time records, which helps create
models and understand linkages between certain factors.

These users also care about data that are easy to find, pull, and
incorporate into their existing platforms. Many companies are looking to
incorporate ozone data and methane detection data.
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Data Scientist in
Company That Monitors

Outdoor AQ °

dThere is cuently no industry
standard for data architecture.
Lip service to fusianbeing

able to fuse terrestrial with
spaca based data. There are
lots of sources of sensors, but a
lack of leadership to integrate
disparate sources. We need to
do this before fusing aerosol

RIFGlFI ¢gAGK KSIfOK

T CEO, Air Quality
Insights Platform Company

GLYLINROSR RI G 2
pollution, weather, pollen, and
wildfire exposure would help us
do research and develop
support mechanisms (such as
education, app features,
exacerbation prediction models,
alert notification systems for
higher risk periods) for people
with respiratory and sleep
conditions. We typically
examinePM, ., NQ, SQ, G,
precipitation, visibility,
temperature, wind and wind
direction, and pressure.

T VP of Science and Research,
Digital Health Platform Company
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What are their technical needs?

They can accept weekly or even monthly data product updates at a
spatial resolution of 250 m or less (ideally 50 to 100 m) and subhourly
temporal resolution.

They need improved methods to distinguish between particulates, for
example, incorporating a broader spectral range, from ultraviolet to
infrared, and multiangle capabilities to better characterize aerosols.

These users need both shddrm data observations and long,
consistent data record (20 years) to help them link environmental
exposure to health effects.

Bhaypeedtd incarporate weather data into forecast modeling.

They require cleaned, validated data sets with some preprocessing step:
available predownload.

They need API calls that can handle high demand and incorporation of
an ARC GIS layer to save time when pulling these data into their
platforms.

Y What wduld motivate them to use NASA EO data?
They need data that are easy to incorporate into their platforms.

What are their adoption barriers for using NASA EO data?

Lack of surfackased Pl\g.sdata limits the value of satellitbased data.
Groundbased sensors, though limited in coverage, offer nearties
data sets at surface level.

What are they afraid of?

These companies often incorporate large data sets, so importing,
cleaning, and ensuring quality and continuity of these data sets can be
time consuming. Users are more inclined to adopt data sets that are
already cleaned and validated.

What do they NOT care about?

Aerosol optical depth of the column are not a conaesurfacebased
measurements are more important.

What are some key use cases?
A Individual or cohort monitoring
A Environmental monitoring
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-:é:- Solar Energy

Community Overview

Solar energy is finally having its moment. After a decddeg introductory period, the U.S. solar energy

industry is now experiencing rapid growth and adoption. Fueled by falling prices, low interest rates,
regulatory incentives, and increased desire to invest in alternative energy sources, solar energy capacity in
the United States has exploded from 2.6 gigawatts in 2010 to 97 gigawatts if-2B®030, U.S. capacity

is expected to quadruple to 400 gigawatts. Since 2010, over $1.5 trillion has been invested worldwide in sola
technologies’ Energy utility companies are diversifying their energy production options by investing in solar
power generation plant installations. Other companies are also investing in solar plants to place on their
property and provide offjyrid alternative energy sources, making them less dependent on fossil fuel sources
from utilities. Still others are taking a more entrepreneurial approach, building solar plants and contracting
with utility companies and others to deliver alternative energy to the power grid.

Selected User Profiles for ACCP o Potential Use Cases for ACCP Data Products

Solar site development and financing

Intermediaries

Solar Power Service Solar power plant operation and optimization
Providers Solar Power Plant Operators

Moving Forward with ACCP

As utility companies expand the use of alternative energy sources such as solar, they need to have an
accurate understanding of local conditions and their impacts on power generation. Similarly, the need
increases to accurately predict power generation forecasts. Without this fundamental data, utility companies
and plant operators risk overestimating the mix of solar power in their daily power generation plan.
'AaSNE Ay (GKA& O2YYdzyAidée SELINB&EASR I KAIK fS@St 2
seek a better understanding of the factors that affect irradiance levels at the solar panel surface, including
cloud cover and its impact on shading, aerosol concentration and types, distribution in the vertical column,
and deposition rates at the surface. Greater understanding of precipitation will help improve understanding
of soiling conditions on the solar panels and provide information for determining optimal maintenance
schedules for cleaning the panels. Models and forecasts can be enhanced using a combination of satellite
and groundbased sensing, and near raahe data from upcoming satellite observations and models could
perhaps replace the need for expensive weather stations.

b! {1 Qa RIFdFI LINPRdzOGAaAZ GKS FoAfAGeE G2 AYGSNLINBG 9
this community integrate satelliteand groundbased data could have a tremendous influence on the-long
term impact that solar energy delivers in the United States and beyond.

1. Solar Energy Industry Association. (2021, Marcl8b@r market insight report, 2020 year in reviettps://www.seia.org/researctesources/solamarket g3
insightreport-2020yearreview

2. Historical data from SEIA: https://www.seia.org/soldustryresearchdata

3. Investments 201€P019, data from Statista: https://www.statista.com/statistics/186823/glabadstmentin-solartechnologysine-2004/
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-:é:- Solar Energy

Organizational Assessment

The solar industry value chain comprises hardware and software manufacturers, service providers, financiers
and a variety of users. The hardware required for a solar installation includes solar panels; inverters to collect
and distribute the energy; wiring; stationary or pivoting panel stands; and, in the case of larger plants,
ground-based weather stations placed around the plant. Sefacific software products are used to model

and predict power generation, given current and forecast weather conditions, and to troubleshoot
performance issues when actual power output is less than predicted.

This industry includes several types of participants and users, downstream of hardware and software
manufacturing Site developerseek out optimal site locations for solar power plants, then build a business
case and seek funding, sometimes in the tens or hundreds of millions of dollars, toheuypldnt. Their

ability to secure large amounts of funding relies primarily on historical and forecasted solar irradiance levels
at that specific locationSolar service providerdevelop the models and tools used by site developers and
operators in this industry, and they are eager to access improved data products that will enhance their
models and lead to better predictions of energy outpbblar plant operatorcomprise energy utility

companies, companies in other industries that opt to install a solar plant on their property, independent
owners that sell their power output, and thiplarty operators who are hired to manage solar plants for

others. All these operator types rely on software products and data frorsit@weather stations to optimize
operation of the plant. Solar plant operation is largely done remotely, where multiple solar plants are
2LISNF G§SR FTNRBY | OSYyiNIf O2xWF ¢ R2IOSNIGEMN2DY €@t Alay & &
person. IRperson visits occur either as a routine check or as a last resort when remote troubleshooting fails.

Users in this community make several types of decisions every day, each of them based primarily on weathel
and aerosol data. Examples include the following:

1 When should we turn on the solar plant? How soon will the available irradiance reach our minimum
threshold?

1 What is the forecasted power output today, tomorrow?

1 How much energy will we be able to produce to sell or consume?

When actual output is lower than predicted, even by 1%, this causes a great deal of concern. Lost revenue

and potential penalty payments loom for plant operators. They ask questions such as the following: Why is

our output lower? Is it a hardware performance issue? Is something external blocking our panels? Is
something wrong in our models? How soon can we resolve it?
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-:é:- Solar Energy

Organizational Assessment (continued)

Solar energy production is entirely dependent on the available solar irradiance at any given plant at any giver
moment. Understanding the weather, aerosol loading, and cloudiness that will limit or reduce that solar
irradiance is of extreme importance to members of this community. Thus, these users have a high level of
familiarity with EO data, a high level of confidence in and familiarity with NASA data products, and abundant
interest in collaborating with NASA in the future. The organizations interviewed in this project are interested
in collaborating with NASA to apply improved data products to new models and forecasts. NASA is perceivec
in this community as a valuable, trusted partner. New and better data and data products that can improve
prediction of weather and AQ conditions at specific plants could have a significant positive effect on this
community. Better data products can improve predicted and actual power output from solar plants,

effectively reducing the amount of unsustainable power generation required to satisfy electricity demand.

Data Intermediaries Users

Data for decisiormaking in this Solar service providers develop the Solar plant operators include energy
community come from satelliteand models and tools used by site utility companies, companies in other
groundbased sources. Historical developers and operators in this industries that opt to install a solar
irradiance data generally come from industry. They are actively developing| | plant on their property, independent
improvements to models and owners that sell their power output,

geostationary sources satellitata

a2 dNDSAE AyOf dzRA y|d Lorgeﬁa!stz. Hﬁgyha@ﬁl?grzr to p?ﬁs ahy ra:_ndOThirdparty operieltorsI that?re
similar missions operated by other ata products that will improve their ired to manage solar plants for

countries (€.g., EUMETSAT, Japan models and lead to better predictions others. These end users rely on

. . of energy output. software products from intermediaries
Metgorologlcal ORI R.emne and data from orsite weather stations
irradiance, temperature, windspeed, to optimize operation of their plants.

and relative humidity conditionat a
solar plant are monitored via weather

stations nlacad atthae nlant
1 1
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-:é:- Solar Energy

Technical Assessment

Users in the solar power community have an appreciation for, if not firsthand experience with, EO data.
Weather and aerosol data from satellite sources are seen as a potential answer to many of the technical
challenges facing this communifkK S &2 € | NJ L2 6 SNJ O2YYdzy A& | yiAOALN G
ACCP observations will provide higgtelity data to satisfy their needs. This community uses models
incorporating historical and forecast irradiance data to select sites and secure financing to build a solar
power generation plant. Mean annual irradiance at a location is one of, if not, the most important variable in
determining the financial feasibility of siting a new solar plant.

Once a solar plant is built, growichsed weather and AQ data are the primary sources of input for daily,

even hourly, operational decisiemaking. Most solar power generation plants have one or more expensive
weather stations set up on site to provide grouhdsed sensing of weather and AQ conditions. The
phenomena most influential on solar panel performance are irradiation, ambient temperature, windspeed,
and relative humidity. In addition, rainfall sensors on site are used to estimate soiling conditions on the
panels to determine when manual cleaning is necessary and to create maintenance schedules for the plant.
Solar plant operators rely on these data for forecasting projected power generation on a daily and hourly
basis. When actual power generation falls below the projected amount, these same data are used to
troubleshoot the system and determine where and why performance is lacking.

Given the rapid expansion of solar power generation and the projected expansion in the near future, it is not
surprising that users in this community have a high level of interest in more accurate and reliable data to use
in selecting sites andperating plants and optimizing their energy productitisers in this community
SELINBaaSR I KAIK tS@St 2F AyiaSNBadG Ay b! {! Q& OdzN
understanding of all the contributors that affect irradiance levels at the solar panel surface, including various
aerosol types and size distribution as well as cloud cover and its available irradiance. In addition, a greater
understanding of precipitation (rainfall, snowfall, snowpack) can help improve understanding of soiling
conditions on the solar panels. Models and forecasts could be enhanced using a combination of-satdllite
groundbased sensing, and perhaps expensive weather stations could be replaced. Users expressed a desire
for data with high spatial resolution (on the order of 1 km or less) so they can evaluate conditions at specific
plants. If satellitebased data are to be used for reahe and shoriterm power forecasts, subhourly

temporal resolution(ideally a Iminute or 5minute interval, delivered at-Bninute latency) is essential to
understand irradiance and performance issues in a timely manner.

Users are interested in collaborating with NASA on developments to grsutidsatellite data and provide
greater confidence in satellite data. Users in this community expressed a desire to easily access a variety of
satellite data from different sources via API, streaming services, or standard formats, NetiCBs$- or

GRIB2.
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-:é:- Solar Energy

Technical Assessment (continued)

This community has a simultaneous need for kbegn data for trend analyses and ret@ine data for global

model forecasts for solar plants across the world. Examples of needs are summarized here and expanded or
Ay UKS &} asS /as¢e¢ asSOuAiAzyo

Solar site development and financingTo secure financing to build a new solar power generation plant,
historical irradiance data for the specific location are assessed. These data are converted to a future

projection of irradiance that can be converted into power generation. Upwards of hundreds of millions of
dollars are secured in financing based on these data.

Solar plant operation and optimization Once a solar power generation plant is built, a deep understanding
of the weather and aerosol conditions (vertical distribution, tygpiee distributionpat that plant are of high
AYGiSNBald G2 GKS LXFyiQa 26ySNE GKS 6vy2adG tA1Ste
downstream customer) that expects to receive the power generated from the plant. Plant operators and
service providers use complex models to understandtiea conditions and longerm forecasts and derive
projections for power generation based on weather and aerosol conditions. As one interviewee stated:

G!' yEA1S 20KSNJ LI2GSNI ISYSNIXGA2yY YSUiK2RazI 6S (y296
or buy more of it. We are reliant on data to make predictions on how much fuel will be available and what

A > 4 oA x
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Use Cases

Within this community, users may leverage EO data in a range of use cases to enhance current and future

decisiormaking capabilities. Two examples of use cases within this community are as follows:
A Solar site development and financing
A Solar site operational optimization

Solar site developers rely on historical irradiance data to select sites, estimate future reve
develop a business case, and secure financing.

The rapid expansion of solar power generation plants has been fueled by lower hardware costs, improved panel perforndeioey reg
incentives, and low interest rates. The ability to secure tens to hundreds of millions of dollars in funding to buildahessis pompletely
dependent on irradiance data, both historical and forecast. For historical data, typicaltyeaR@istorical record of irradince at the specific site
is used. Historical data come from a variety of satellite data sources, including GOES (NOAA), Meteosat (the EuropesioOfigyattie
Exploitation of Meteorological Satellites [EUMETSAT]), and Himawari (Japan Meteorological Agency).

Longterm projections are built from historical data as well (e.g., using climatological data to project future irradiansk [Evese levels are
converted to an estimate of gigawaliours of potential energy production per year, which is then converted to a revenue forétes revenue
forecast provides the basis for calculating a return on investment and securing financing for construction of the plant.

Users in this community expressed a need for simpler and more expansive access to historical data. Specific geophyegaf wassest from
a historical perspective, in addition to irradiance, include temperature, rainfall, and snow depth at the specific stentiéipsolar power
generation plant. Further, these data are desired at a spatial resolution of 1 km or less to align with the footprirecfi@spar site and
increase the accuracy of the data related to that particular site.

nue,

Solar plant operators are seeking ways to integrate satellittgrounebased sensor data to
optimize operation of specific plants.

For every solar power generation plant, there is an operator organization closely monitoring the plant in real time, wiosh @ done remotely
Plant operators are continuously looking for anomalies where actual power production performance diverges from the fBoemptant
operator companies manage and monitor on the order of 1,000 solar plants. The continuous monitoring and desire for haglyaeadiiven by
concerns for lost power production and revenue. At some large solar plants, one percentage point of error in forecast emcalates to
millions of dollars in lost revenue and the potential for penalty payments for underdelivering expected power. Thus, thiemmunity have
a strong interest in improving the accuracy of weather and aerosol forecasting and for gathering the best data avaitalgestand and
interpret reattime conditions. Users in this community currently rely on grebaded sensors for local conditions on irradiantemperature,
windspeed, and relative humidity. Typically, these data come from one or more expensive weather stations located ohesstglat plant. User
in this community have a strong interest in determining how satellite data could complement, perhaps even replacepgsmdsgnsors,
leading to improved accuracy in rei@he observation and forecasting of weather and aerosol conditions. In addition to wegdleipitation,
cloudiness), these users have an increasing awareness and desire to better understand aerosol conditions (verticardistpbuparticle size
distributions). Unequivocal evidence indicates that aerosols affect the performance of solar plants both by blocking éeadiailing the
plates. Users in this community would like data that:

A Increases accuracy in near rgiahe or subhourly observations of irradiance, cloud optical deptirpsol optical depthAOD), and particle siz
and type, leading to a better understanding of the actual irradiance reaching the solar panel

A Better predicts intermittent cloudiness over specific solar plants
A Brings understanding of when the conditions are right for generating solar power (e.g., how early in the morning tortuerters)i

A Brings insight on soiling conditions at the panel: dust, other particles, aerosol type and size distribution, and sn@wpagkoaalized
conditions that affect panel soiling

A Enables access to more accurate, localized information that helps offset the costs of expergivenohweather stations
A Provides better longer range forecasts for precipitation

Having these types of data made available more frequently (subhourly, down-toiaLte or Sminute interval) and at a highepatial resolution
(less than 1 km) would improve reiine and forecasting models, ultimately improving the ability to predict and deliver solaep
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Solar Energy Service
Providers

User Community:
Solar Energy

Who are they?

Solar energy service providers
develop valueadded models and
forecasts of solar irradiance, which
are used to develop and operate
solar power generation plants. The
results are essential for securing
financing for new solar sites and for
operating plants and optimizing their
energy production.

IEHNELERES

Solar Energy Service
Providers

Who do they work for?

They sell their data products to site
developers, plant operators, utility
companies, and investors who want
to establish or optimize operation of
a solar plant.

I:DjRTI Innovation Advisors

Solar energy service providers are active
users of EO data, skilled at converting it to
high valueadded models and forecasts for
solar power sites.

What decisions are they making (and how) today?

Solar energy providers use data to help them answer the following
questions:

How can we improve our models? Where are there more accurate and
reliable data sources?

How might we combine satellit@nd groundbased data sources for
improved accuracy and confidence levels?

Do they have experience with EO data?

Solar energy service providers regularly use EO data, such as AOD, to
develop and enhance solar irradiance models and forecasts.

What do they care about?

These users need more data on aerosols, their vertical distributions and
particle size distributions, and their impact on irradiance. They want a
better understanding of suspended particles and their deposition rates,
snowfall and snowpack, precipitation forecasts, and cloud cover. Each of
these phenomena has an impact on solar irradiance and panel
performance.

These users need better quality data in regions outside of North
America and Europe (e.g., Middle East and Northern Africa, China),
where AQ is not as good and groubdsed weather stations are sparse.

These users want access to historical data (20 to 25 years) plus high
confidence in longerm projections (forecasting ahead in similar time
horizons).
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Solar Energy Service
Providers

G{FrGSttAGS RI Gl
essential and by far the most
important component of very
shortterm solar generation
forecasts. Thank you for all you
do to provide high quality and
dzal 6t S RI 0 ®¢

T Grid Solutions Engineer, Private
Research Organization

Ij—_RTI Innovation Advisors

What are their technical needs?

These users need improved spatial resolution (less than 1 km) to asses:
conditions at a specific solar site. They want improved temporal
resolution and latency so that data can be used and decisions made in
near real time For example, some derived products from GOES data,

_ ﬁ\ig awg gi but because latency is low, the data are not
d for rgafl foré loud cover and other atmospheric

variables affect solar power generation performance at a subhourly
rate; thus, data that can help predict and monitor conditions at a similar
rate and resolution are desired.

What would motivate them to use NASA EO data?

They already use NASA EO data. Users in this community have a high
level of interest in collaborating with NASA, and some have collaborated
with NASA in the past.

What are their adoption barriers for using NASA EO data?

They want easier access to data and the ability to access the data more
quickly. They need common data formats to more easily integrate data
from multiple sources.

What are they afraid of?

These users fear losing access to, or having interruptions of, long
historical records of irradiance data, which is essential for site
evaluation models.

What are some key use cases?
A Solar site development and financing
A Plant operation and optimization
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Solar Plant Operators

User Community:
Solar Energy

Who are they?

Solar plant operators include energy
utility companies, companies in
other industries that opt to install a
solar power generation plant on
their property, independent owners
that sell their power output, and
third-party operators who are hired
to manage solar plants for others.

IENELIEGES

Solar Plant Operators

Who do they work for?

Utility companies, site developers,
and companies with solar panels
installed on their property are
seeking firms to manage and
optimize operation of their solar
plants.

I:DjRTI Innovation Advisors

Plant operators rely on models and local
weather stations to optimize the operation
of their solar plants.

What decisions are they making (and how) today?

Data helps solar power operators with load balancing and supply
demand balancing among traditional and renewable power generation
assets. This data also helps them understand:

How much power can we generate from this plant today? How much
power might we be able to generate based on-&035-day forecast?

| 26 YdzOK LJ326SNJ A& o0SAy3a 3ISYSNI (S
directly generated at a solar plant vs. pulling in from the grid?

Why is our actual production lower than forecast?

Why are our panels underperforming? Is there a technical issue? Is it a
panel, inverter, tracker, or other hardware issue?

Are the panels dirty? Should we send someone to clean them or wait for
the next rainstorm or wait for snow to melt?

Do they have experience with EO data?

Given the dependency on solar irradiance for successful plant operation
most of these users are familiar with and appreciative of EO data.

What do they care about?

These users need a better understanding of the actual irradiance
reaching the solar panel and of when the conditions are right for
generating solar power (e.g., how early in the morning to turn on
inverters). They require better insight on soiling conditions at the panel:
dust, other particles, aerosol size distribution, and snowpack are very
localized conditions that affect panel soiling. Improvements in satellite
data are needed to get more accurate localized information, which
could help offset the costs of expensive-ground weather stations.
These users require better longer range forecasts for precipitation type
and intensity. Bifacial (twsided) solar panels are the newest
technology being installed. Understanding albedo at the ground can
help estimate upwelling irradiance that is able to reach the underside of
the panel.
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Solar Plant Operators

Ij—_RTI Innovation Advisors

¢ What are their technical needs?

These users need subhourly temporal resolution (ideallynariute or
5-minute interval, delivered at-minute latency) to help understand
shading, intermittent cloud cover, and other irradiance and performance
issues more quickly.

428 of AyRt & {NHzad They|algq.neefl ipreved spatial resolution for rainfall, snow depth,

weather stations. Accuracy
always in doubt. The solar
industry is relying on data that

aerosol deposition, and cloud cover, which would allow pgecific
readings vs. averages across a large gridded area. Current gridded map
from NOAA are 10 km x 10 km, which is too big for accurate analyses.

SOSNE2YS Kl & R2d0{ndt RcuffinStvate them to use NASA EO data?

T Head of Analytics, Performance
and Prediction, Solar Service
Provider

They would use NASA EO data if they could more easily access historic
data (e.g., global horizontal irradiance, temperature, rainfall, snow
depth) for any location with improved spatial resolution. They require
proof that satellite data are more accurate or reliable than ground

based weather station data. These stations are expensive, and many
doubt the accuracy of their sensors, but to date they are the most
common source of osite weather information.

What are their adoption barriers for using NASA EO data?

Barriers include the lack of ease of access, global coverage, latency, anc
temporal resolution. They need the ability to use satellite data without
massive computing power or data science expertise. They want to
determine how to combine satelliteand groundbased data sets for a
better understanding of local conditions.

What are they afraid of?

This user community is concerned with load imbalance penalties
because when actual power output is lower than predicted, solar plant
operators can incur penalty payments for underdelivering. They are also
concerned about the accuracy of lorgnge irradiance forecasts and
forecasts based on historical performance. They wonder what will
change that disrupts future performance.

What are some key use cases?
A Solar site development and financing
e A Solar site operation and optimization
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User communities stated a variety of EO needs relatec
to weather and AQ.

This table reflects the specific EO needs communicated by a representative selection of users within the
ALISOATFTASR dzaSNJ O2YYdzyAGASaY FyR AG A& YSIyd G2 o
interviews revealed that most user communities profiled actively incorporate CCP data (both saedite
groundbased sources). Only the aviation, major logistics carriers, health and pollution, and solar energy
communities actively apply satellter groundbased aerosol and AQ data for decisimaking, but other
communities demonstrated an interest in future data use for monitoring crops and managing the safety of
employees who may be exposed to unhealthy AQ conditions.

User

. Aerosol EO Needs CCP EO Needs
Community

A Vertically resolv_e d aerosol data, with A Finer scale observations of precipitation intensity and improved
. focus on volcanic ash and smoke o .
Commercial forecasts of precipitation intensity and type

i A Incorporation of weather and aerosol . . .
Aviation data to improve modeling of ash and ﬁ Understanding of convective activity that may lead to turbulence

Improved observations of cloud layers with vertical resolution
smoke plumes

A Accurate observed and forecasted precipitation, including type of
A Vertically resolved aerosol data, with precipitation (freezing drizzle, ice pellets, and hail)

Major focus on volcanic ash and smoke A Cloud ceilings and depths above 12,000 feet (14,000, 16,000, and
=R Logistics A Incorporation of weather and aerosol 22,000 feet)
b Carriers data to improve modeling of ash and A UAVs: precipitation, convection, wind in lower atmosphere (300 to
smoke plumes 500 feet off the ground); accurate cloud ceiling readings in the

lower atmosphere
A SurfacebasedPMs s

“ Log;s&c: Arm3 Incorporation of weather and aerosol A Accurate observation of precipitation and forecasted prediction of
.’ jor data to improve modeling of ash and precipitation, especially large weather events
Brands smoke plumes
. A Accurate observations of precipitatiorwhat has fallen and at
‘ DataDriven A _SurfacebasedPMz.s, other particulates what intensity _ _ _
p) Aariculture in future o A Condltlons_ that may lead to temperature inversions, affecting
5 — 9 A Carbon dioxide, methane, ozone product drift

A Temperature, humidity, wind, leaf wetness

Food .
Improved observations of

1/ Companies wind/aerosol relationship (e.g., A Precipitation, humidity, wind speed, temperature, and fog data

= Opgratmg n Harmattan winds)
Tropical Areas

A Improved characterization of aerosol A

Health and typest specific interest in wildfire

ShortTerm

Understanding weather extremes such as convective activity and
temperature inversions, which trap pollutants near the surface

smoke A Understanding of clouderosol interactiors how precipitation,

AlrQuality 5 ot cehasedPMy sand other

Monitoring : wind, and humidity affect deposition and dissemination of particles
particulates
N A Aerosol particle type A Accurate observed and forecasted precipitation (including
-.- Solar Energy A Aerosol size distributions and vertical precipitation type, snowpack)
S profile A Improved understanding of intermittent cloud cover
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Certain geophysical variables and observations have
the potential to affect multiple user communities.

Interviews and focus groups across seven communities led to expression of common data needs for both
aerosols and CCP observations. The tables spanning the next several pages describe several geophysical
variables and observations that provide value to multiple communities. Potential data products related to
these observations have the potential to deliver wia@daging impacts across the communities explored.
hodaSNIWSR LINBOALMAGEFGAZ2Y O6AyOfdzRAY3 AyidSyairide IyR
communities explored. In addition, users in the ddtaven agriculture, food and beverage, and health and
pollution communities specifically mentioned a desire to better understand and forecast conditions that may
lead to temperature inversions. Temperature or atmospheric inversions are a specific weather phenomenon
where a mass of cooler air gets trapped under a layer of warmer air. This weather phenomenon may lead to
trapping of aerosols including pesticides, herbicides, and PM. Improving weather and AQ modeling of the
conditions that lead to temperature inversions and the associated development of fog or trapping of
pollutants can help a wide range of users make decisions relevant to spray coverage or particulate exposure.

Observation/ Use Case User . Needs Better Data Enable
Phenomena Community

Effective application of
agricultural inputs; mitigation of ~ DataDriven  Type and intensity of Informed agricultural practices and,

pest and plant disease; site Agriculture  precipitation ultimately, improved yields
similarity analysis
Monitoring global weather Food Companie Type and intensity of Informed assessment of crop yield and
trends; monitoring micro weathe Operating in precipitation, snowpack risks, insights to forecast quality and
trends Tropical Areas ' pricing of goods
) ) ) Commercial
o International flight planning; fog Aviation
Precipitation forecasting; safe flying condition ) .. Type of precipitation  Safer takeoff and landing, route planning
Major Logistics
for UAVs -
Carriers

. . More accurate assessment of solar pane
Type and intensity of  soiling conditions and associated

Plant operation and optimization  Solar Energy precipitation, snowpack performance loss, when to manually cle:

panels
Allocating resources for busines: Logistics Arms ¢ Higher resolution, type More accurate knowledge of facilities
continuity Major Brands of precipitation affected by flooding and storms
Identification of
Effective application of farm DataDriven temperature, wind, and Safer and more efficient use of strong
inputs (fertilizers, pesticides) Agriculture  convection properties agrochemicals

that lead to inversions

Health and Identification of

Temperature In.d|'v|dual a.n.d cohort monitoring ShortTerm Air temperature, wind, and Better understanding of particulate
clinical decision support, . ; . . o
Quality convection properties exposure and dissemination

Inversions i o
environmental monitoring Monitoring  that lead to inversions
Food Companie Understanding and reaction to condition:
Monitoring micro weather trends Operating in  Surface temperatures that may lead to cooler surface
Tropical Areas temperature
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Aviation and logistics communities value ifnproved
data on low clouds, convective activity, and wind to
understand impacts on operations.

Aviatonandawo  a SR f 23AaGA0a dzaSNE @I fdzS GdGo5 Of 2dzR R Gl
them of conditions at multiple altitudes. Convective and wind data may also enable sbdaed

measurements that help these communities react to potentially damaging storms for both flight and ground
based operations. As shown in the table below, the impacts of these improvements extend from improved
on-time flight departures to safer, more comfortable airline travel for transoceanic passengers to enabling
new modes of transportation and logistics, such as UAV deliveries and VTOL air taxis.

Observation/

Use Case User Community Needs Better Data Enable
Phenomena
_ o More accurate prediction of
. Commercial Aviation Data on cloud layers above 12 fog burnoff times; fewer
Forecasting fog ) o ) .
Major Logistics Carrier feet (14, 16, 22 k feet) delays; safer takeoffs and
landings
Determining safe flying conditions ~ Commercial Aviation Accurate cloud ceiling Ability for UAV operators to
for UAVs Major Logistics Carrier information ﬂy500 feet below the CIPUd
Low Clouds ceiling (per FAA regulations)
T . . . Observed and forecasted clout ImprO\./ed. understanding of
Site similarity analysis of crops Datadriven Agriculture potential impacts to
cover . o
photosynthetic activity
Improved understanding of
. . S Observed and forecasted clour factors impacting solar
Solar site operational optimization Solar Energy . .
cover irradiance at the solar panel
surface
Safer and more comfortable
Mitigating turbulence; Executing Commercial Aviation _Vertlcal information about and fl!ghts; reduced _dlsruptlon to
international flights across oceans Maior Lodgistics Carri |mprove_d forecasts of flight schedgles_, reduced
aJor LogISucs Larrer oonyective hazards congestion in airspace;
reduced waste of jet fuel
Determining safe flying conditions ~ Commercial Aviation Data on convective activity ~ Safe and informed operation
Improved for UAVs; Urban air mobility model i isti ier happening in lower atmospher of UAVs and VTOL air taxis
Convective Storn ; y * Major Logistics Carrier Napp 9 p
Systems  Allocating resources for business More efficient use of
continuity; ldentifying disruptions in  Logistics Arms of  Improved forecasts of severe r€sources and mitigation
supply chains: Monitoring global Major Brands weather practices
weather conditions
Highresolution data on Ability for growers to
Mitigation of plant pests and diseas Datadriven Agriculture damagmg storms (like proactively protect the|r
hailstorms) that may damage crops, or harvest their crops
crops early
Mitigating turbulence; Executing Commercial Aviation Speed and qlrectlon of gurface Avoidance of yvmd shear; sal
international flights across oceans Maior Logistics Carri winds and winds at multiple  ground operations and parce
ajor Logistics Larmier gititydes unloading
_ o Safe and informed operation
Determining safe flying conditions ~ Commercial Aviation Surface winds and winds in the of UAVs and VTOL air taxis
Wind for UAVs; Urban air mobility model: Mmajor Logistics Carrier lower atmosphere (wind may cause battery drai
on small craft)
Monitoring microclimate conditions; Food Co_mpe_mies Costeffective input
oring microc . | Operating in Speed and direction of surface application; improved
Effective application of crop inputs; Tropical Areas : . .
) o winds planning for harvesting and
Pest and disease mitigation ) ) . o
DataDriven Agriculture drying conditions
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Users need to know what types of aerosols are in a
specific column of air, as well as vertical distribution.

Use for aerosol data across user communities has been driven in part by pollution and more frequent
disasters, such as wildfires. Though not current users of this data, thedda&n agriculture and logistics

arms ofmajor brands communities both expressed needs to better understand and eventually incorporate
aerosol data to mitigate impacts of pollution. Improved abilities to characterize these particles will inform
response to particulate exposure; multiple users demonstrated special interest in ultrafine particles, wildfire
smoke, and other particles. Many users need measurements of this data at specific altitudes, often surface
based (e.g., where people, crops, and solar panels are located) but also to understand the height of smoke
and volcanic ash plumes.

Observation/ .
Use Case User Community Needs Better Data Enable
Phenomena
Indlv_ldu_al a.md_c_ohort Global coverage; high Understanding of health
monitoring; Clinical . L
S ] Health and ShofTerm  spatiotemporal resolution; outcomes as a result of
decision support; . ) oo L » .
. Air Quality Monitoring ~ characterization of pollen, exposure; improved patient
Environmental ) .
o dust, and ultrafine particles care
monitoring
Deeper understanding of
. Improved models for more
. how aerosol types, sizes, -
Solar plant operation e T accurate power generation
N Solar Energy and distribution impact
and optimization . o forecasts and redime
Aerosol Types solar irradiation at the

panel surface monitoring of performance

Global coverage of

) Enhanced ability to react to
agricultural areas,

Monitoring crop quality AQ events that might impact

DataDriven Agriculture

through A especially coverage in
gh AQ Pe y 9 crop health
tropical areas
. . Commercial Aviation | ierest in smoke and
Volcanic ash and wildfire . - . . . Awareness of what aerosols
. Major Logistics Carriers volcanic ash, vertical . .
smoke detection resolution may impact a flight path

Fewer flight cancellations anc
disruptions due to volcanic
and wildfire activity; reduced

_ o Improved accuracy in
Volcanic ash and wildfire Commercial Aviation  modeling of ash plumes;

smoke detection Major Logistics Carriers ash and smoke risk of damage to aircraft
concentrations .
engines
Lack of surfackasedPM. s

Individual and cohort
Vertical Resolution of monitoring; Clinical
Aerosols (Including  decision support;
SurfacePM.5) Environmental
monitoring

coverage (current solutions
Health and ShofTerm  include grounebased
Air Quality Monitoring  monitor networks, inferring
from satellite using
atmospheric models)

Improved understanding of
'y AYRAGARdzZ £ 2NJ L
exposure to aerosols

Deeper understanding of

. Improved models for more
how aerosol types, sizes,

Solar plant operation accurate power generation

and optimization Solar Energy Fjlstrl'butlon impact solar forecasts and redime
irradiance at the panel o
surface monitoring of performance

SurfacebasedPMzsand Ability to limit groundbased
other particulates transportation and dock
activities during AQ crises

Allocating resources for  Logistics Arms of Majoi
business continuity Brands
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Colocation of ACCP data may provide a significant
Impact to AQ forecasting.

Characterizing aerosol type and distribution across a column of air will help user communities understand
exposure at a specific time interval. Colocation of ACCP data provides an opportunity to investigate the
relationship between weather and AQ and, ultimately, create improved forecasting models. These
observations will help users understand when they might expect impacts of wildfire smoke or ash cloud, how
it may dissipate through an area, and how precipitation may lead to deposition of particulates.

Observation/

Use Case User Community Needs Better Data Enable
Phenomena

Forecasting capabilities: Avoidance of potentially
When to expect surfackyer harmful particulate exposure,
aerosols (like wildfire smoke reduced health care costs

Health and ShofTerm

Individual health monitoring Air Quality Monitoring

Forecasting capabilities: Ability to limit groundbased
When to expect surfackayer transportation and dock
aerosols (like wildfire smoke activities during AQ events

Allocating resources for Logistics Arms of Major
business continuity Brands

Forecasting capabilities: Proactive means to protect
DataDriven Agriculture When to expect surfackayer crops from wildfire smoke and

Colocated Aerosol

and Weather Data Vionitoring crop quality using

AQ data ! e
Q aerosols (like wildfire smoke other AQ hazards
_ More accurate assessment of
Solar site development, sola Increased use of satellite  sites for future solar plants,
plant operation and Solar Ener based data instead of, or in more accurate forecasting for
optimization oy combination with, ground  power generation from each
based sensing power plant, greater reliance
on this clean energy source
. Fewer flight cancellations and
i iati Improved accuracy in disruptions due to volcanic
Volcanic ash and wildfire Commercial Aviation  modeling of ash plumes an prior -
- ) o ) and wildfire activity, reduced
monitoring Major Logistics Carriers ash and smoke risk of damage to aircraft

concentrations .
engines
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Improved data can help ACCP user communities
proactively plan for and react to climate change.

Changes in weather patterns and climate affect decisi@king in the ACCP user communities:

A Growers, ingredient buyers, input companies, food and beverage companies, and crisis and supply chain
managers are actively monitoring changes in growing conditions for various crops. These communities
noted detailed longerm outlooks (~3 months out) as a key data need. Trends in the growing season (first
frost dates, growing degree days, average forecasted precipitation) can help inform site suitability for
crops, seed varieties, planting/harvesting times, crop investments, and contract/commodity pricing. An
active area of research is establishing the link between air pollution and crop health and quality.

A Meteorologists in commercial aviation and-biased logistics, as well as grouased logistics for major
brands, must keep apprised of and react to natural disasters such as hurricanes, wildfires, and volcanic
eruptions. These weather phenomena may become more frequent or intense in a warming climate.
Appropriate forecasting can ensure continuity of operations and safety of customers, employees, and
facilities.

A Weather and AQ outlooks play an important role in appropriate solar plant siting, management, and
operations. Historical irradiance data for a specific location are used to projectéamgfuture irradiance
forecasts. Climate change increases uncertainties in projections of future weather cycles and elevates the
frequency of forest fires, both of which complicate siting and management of solar sites. More robust
models for longterm forecasting and reaime performance modeling of solar plants can help accelerate
the adoption of solar as a mainstream energy production source.

A Industrial pollution, fossil fuel combustion, and other activities that have contributed to climate change
also have affected global AQ, leading to unhealthy levels of pollution. Likewise, rising temperatures have
led to increased wildfire activity that releases harmful smoke. Understanding AQ trends at a global level
helps the health care and regulatory communities identify and react to poor AQ hot spots and ultimately
helps health care professionals treat patients more effectively in light of their pollution exposure.

Along with accurate forecast capabilities over a variety of time frames (from daily to hourly, weekly, seasonal,
yearly, and decadal forecast outlooks), accurate and-teng records of observed precipitation and AQ are
good indicators of changing climate patterns.

"The impacts of climate change on coffee crops

is a big concern. There are pessimistic & Would also like more information on air

predictions that in 15 years Brazil will not be quality around disasterstornadoes,

able to produce coffee anymore due to climate hurricanes, earthquakes. The air quality

change. The big coffee compariednilever, O2yasSljdsSyoSa IINB 2FGSy &

Nestle, Keurig Dr Peppgehave internal
NE&SIFNDOK (SIFyYa ¢g2N]Ay3 2y tlaniy®racktiangran§ leeéd of Respiratory
Health Professional Organization

T Quality Control Manager, Coffee Company
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Communities had similar desires for spatial and tempo
resolution, while forecasting and latency varied.

This table reflects specific technical specifications communicated by a representative selection of users
within the ACCP user communities, and it is meant to be an illustrative, not exhaustive, representation of
needs. These communities shared spatial resolution needs that were less than 1 km and subhourly temporal
resolution. While the solar, aviation, and major logistics carriers expressed needs for consistent low latency,
down to a few minutes, other communities were comfortable with longer latency times or quick data

delivery only in certain circumstances. Most users expressed needs for global coverage.

Spatial

Community Resolution Forecasting Temporal Resolutio Latency Coverage
A 500nclkm A 3c4 hours for
outside of domestic flights Coverage especially across
Commercial urban areas A 12¢14 hours for Subhourly (to the ASAPR few minutes  oceans (even 150 30-
Aviation A 10¢100s of international flights ~ minutes) minute-old data would be
meters in A 2¢3 days for large helpful there)
urban areas weather events
A 5001 km A 3¢4 hours for
outside of domestic flights Global (overseas too)
Eln Major Logistics urban areas A 12c14 hours for Subhourly (to the ASAR few minutes . . -
R . A ; ) : : especially in areas of high
[~ 1 Carriers 10¢100s of international flights ~ minutes) :
. latitude (Alaska)
metersin A 2¢3 days for large

urban areas

weather events

A 24ny K2dzZNEQ y20GA0S
Q. Logistics Arms for day-to-day .
." of Major <1 km weather Subhourly ASAR few minutes Global coverage
Brands A 3c¢7 days for natural
disasters
o . 10 km A 1¢2 days A Subhourly for field 30 minutes3 hours ‘
‘ DataDriven A 7¢14 days management Global coverage, especially
5} i acceptable, : for 24-hour data set . .
me#esm  Agriculture A 3-month seasonal A Daily or weekly for in tropical areas
ideally <1 km . :
forecast financial products
Food . é 1c2 days ASAP during key time
AR Companies 1¢2 km 7cl4 days Subhourly of growing seasons  Global coverage
- Operating in A 12¢18 months long
Tropical Areas term forecast
Health and Global coverage especiall
ShortTerm Air 250 m or less  2¢7 days in advance for - . geesp y
. Subhourly Data within the hour in rural areas and
Quiality (50¢100 m) large AQ events . .
L developing economies
Monitoring

N,
-.- Solar Energy <1 km
N

3-to 5-day forecast

Subhourly (1to 5
minute intervals).
Noted specific need
for predawn data

ASAPR 1¢5 minutes
from data capture

1. Note that the greater health community is investigating {@rg1 exposure, from months to years to decades.

Long data histories (20+
years)
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Global coverage and forecasting of ACCP data source
IS a common need across user communities.

Highquality, high spatiotemporal data sources for weather and
AQ exist but are often limited to North America and Europe.
Consistent levels of coverage are desired worldwide.

Four of seven user communities profiled intersect with
the global agriculture/food/logistics supply chain, which
spans multiple continents. Privatector demand for

key commodities and crops often depends on
smallholder farmers and cooperatives in tropical regions
and areas in developing economies. ACCP data may be
able to make the most impact as freely available data to
smallholder advisory services and agricultural insights
firms working in tropical areas and developing
economies.

Convective storm and weather data coverage across
oceans is a large need for aviation andlased logistics
companies. Current data products are low resolution
and high latency; even data with a-&finute latency
can help meteorologists make decisions that help
transoceanic flight routes avoid dangerous storms or
fuel emergencies from long reroutes.

arme: 2F 02021 02YSa Fi
Yy2aidgte avlitfK2ft RSN FI 1
of an art vs. science to understand
GKIEGQa KILIWSYyAy3I (KSNX
T Commodity and Risk Management
Executive, Ingredient Company

GLYLINRGSR RIFGE 2y KIFTI
in remote oceanic environments would

help me make decisions about safe

and efficient preroute planning and
GFOQUAOIT FTR2dzZAGYSYy(d o+

T Meteorologist, Major Airline Company

Satellitebased weather and AQ observations may be used to
augment not replace groundbased data.

A In areas where grountiased weather and AQ provide higsolution, near reatime data coverage,
satellite data can be leveraged to help fill in the gaps. Conversely, gizasetl measurements can be
used for grounetruthing satellite data, ultimately improving the accuracy of remote sensing observations.

A For example, while grounbased AQ sensors can provide neart@ak, groundbased readings for a

LJ NI A Odzf F NJ I NBF 06adzOK I &

Iy A sbasdd@idtvivdd: irf r@a ardaaiza S

in developing economies may be affected by agricultural and industrial pollution. Sabeldiesl AQ
products represent an opportunity to understand global areas of AQ concern and may inform where to
put groundbased sensors for more highsolution, realtime monitoring.

A Users across these communities (such as the health and-srantAQ monitoring and solar
communities) expressed the need for groutndthing and suggested related R&D projects as a means of

engaging with NASA and ACCP data.
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Forecasting needs are universally important, although
specific time frames vary across communities.

A Communities demonstrating needs for convection, cloud, and precipitation data desired longer range
forecasting (weeks to months) because the accuracy of current weather models drops offtaftet 7

days.
A While the food companies and dathiven agriculture community demonstrated needs for the furthest

range forecasting (8 18 months), solar energy, aviation, and-a@sed logistics demonstrated needs for
forecasting out to days and hours. Latency time needs are naturally shorter for these communities.

A Users expressed a desire for development of probabilistic, rather than deterministic, forecasts that help
end users manage both risks and data uncertainty.

A Interviewees noted that the accuracy of current aerosol and AQ forecasting models decreases after 2
days. AQ forecasting capabilities out to a week would be valuable.

Forecast Needs Across User Communities

@ 12 hours 2 days 7 days 14 days ~3 months 1 year
| | | | | |
@ >
*—e 66— .
. : . Major
Commercial Domestic  International Weather
Aviation Fl|ghts Fllghts Events
(3¢4 hr) (12¢14 hr) (23 days)
_ *—e 69 :
[ Ma_Jo_r Domestic  International Major
= LOOISIESiights Flights vreaner
(3¢4 hr) (12¢14 hr) (23 days)
‘ Logistics oy o r——
N Arms of Dayto-Day Weather Major Weather
.’ Major Brands (1¢2 days) Events
(3¢7 days)
% DataDriven Applying Inputs Harvesting, Planting Seasonal
‘ Agriculture (1¢2 days) (7c14 days) Forecast Crop
—> Type, Seed Variety
(3 months)
Food H M H
Companies ; ; :
- Oper:ting o Applying Inputs Harvesting, Planting Growing Trends
- Tropical (162 days) (7c14 days) (18¢24 months)
Areas
Health and " ]
ShortTerm Air Quality Crisis
Air Quality Forecasting
Monitoring! (2¢7 days)
L, ® -
',.\' Solar Energy Dayto-Day Outlook
! (3¢5 days)
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Data accessibility, interoperability, and ease of
Integration bring value across user communities.

Users consistently expressed a need for improved data accessibility, interoperability, and ease of integration.
These improvements play key roles in enhancing the perceived value of satellite data products. Common the
for data formats included the following:

A Easyto-find data setdabeled with clearly conveyed potential value for certain user communities, such as
data-driven agriculture.

A Availability ofground-based data sources with satellitbased data sourceg.g., grounebased AQ sensor
networks and satellitdbased aerosol data) for integration and groutmdthing purposes.

A Standardization in data formatsdata structure, and documentation properties to reduce errors or
slowdowns in data flow that require manually pulling over data.

A Data reliabilityr High-quality data that are consistently delivered and accurate.

A Data set flexibilityt The ability to pull the necessary data and leave behind the unnecessary data, for
example, pulling 30 days of a specific geophysical variable or observable without having to download 30
discrete data sets.

A Appropriate channels to easily move bulk dafay 0 2 0 KS Sy R dzaSNRQ adaeadsSvya:

A EO data sets that amigned temporally and spatiallysuch as IMERG and MODIS data products, that would
make crosssensor calibration and atmospheric correction simpler and facilitate the introduction of new EO
data (such as synthetic aperture radar data). The di@en agriculture community and health and pollution
user community requested colocation of multiple NASA data products across specific locations, such as sc
moisture and light data, in one location.

A Users would likelearly labeleddata values andccuracy checksr clearly defined error rates in databases so
that they do not need to source this information from relevant papers.

e e | = ZKSé KSNB FNB, & | N2 15 a1 & x |
a5t il F2NNE G ofhgnge% hofNamels 238 INB ltolea t2

i 0

time suck up to 80% named, file formats, or for b_etter ways 1o

of the work can be o provide value to our
taki hat t documentation, i customers, often just
axing what you wan slows. down our ability ’ J

FNRY GKS RIFGFH @S & daily data knowing what is _
updates to our a}vallgble from NiA‘SAAV'S, )
1 Data Scientist, Odzafi2 YSNE Oe UKS KINRSau LI NI P
Agricultural Decision
Making Platform Owned _— T Senior Vice President,
by Agrochemical T Data Sme_nfust, Weather Insights
Company Agricultural Decision Company

Making Platform
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Data users prefer gridded, processed data sets,
although formats and accessibility needs vary by

community.

C2NJ RI GF

d0ASydArAaita RANBOGfeE AyO2NLIR2NFOGAYyIt RIFGE

requires time to clean, validate, and incorporate data into systéntarporating these data may be a
significant investment comparable to purchasing an expensive, cleaned data set. Some companies, like large
agricultural input companies, may create entire teams dedicated solely to scouting and cleaning data
LINE RdzO itéidea SO I RRGF YI @& YSIYy RAFTFSNBYy(d (GKAy3Ia G2
examples of needs expressed by a selection of users in these communities.

R

Preference for gridded data sets was consistent across user communities, even across users who have the
technical capability to work with losevel data products. Users who identified as vaauleled service
providers or intermediaries, or those who create tools and provide services to clients that make decisions for
their organizations, often had more comfort in using #®wvel products than end users.

4

=

T

K’:ﬁ:—

=Y

Preferred Data Formats and Accessibility

Community Preferred Levels of Data Products
Needs
Commercial A Data delivered in packages that can be Meteorologistsprefer gridded data sets (level 3/4) but are
Aviati delivered to pilots irair via WiFi (bandwidth ~comfortable working with lower level data producgilots and
viation challenges) chief operations officergrefer gridded data sets (level 3/4).
A Easy to incorporate into existing model, Meteorologists and data scientists weather companies

Major Logistics
Carriers

Logistics Arms o
Major Brands

A

DataDriven
Agriculture A

A

Food Companie! A
Operating in A
Tropical Areas A

Healthand A
ShortTerm Air
Quiality A

Monitoring

A
Solar Energy A

A

A Temporally and spatially aligned (for cross

reports, and systems (METAR reports, seript prefer gridded data sets (level 3/4) but are comfortable
based communication systems) working with lower level data products.

A Data that are gridded, easy to interpret Crisis managerprefer gridded and highly visual data (levels
A Flexibility in data sources to avoid pulling in 3/4), data scientistsn weather companies are comfortable

unnecessary data working with lower level data products.

Spatiotemporally aligned data sets are especially interesting
data scientists in agriculture platformsGridded data are
helpful, but they can work with lovevel data.

Growersprefer gridded, highly visual data sets (level 3/4).

Zarr, NetCDF, TIF format

sensor calibration and atmospheric correctic

o Smallholder advisory data scientistgpically need data with
Data accessibility throygh the cloud some preprocessing; gridded data (level 3/4) are ideal for m
Improved documentation applications, but for insurance purposes, level 2 data are
desired.

Desire for standardized formats across

agencies, countries Tropical ingredient buyerandfood product manufacturers
NetCDF, TIF are common formats prefer gridded data sources (levels 3/4).

Data that are easy to interpret

Theindividual or caretaker, as well as health care providers,
require highly visual, gridded (level 4) ddbata scientists in
outdoor air insights companieprefer data that are gridded
and have some preprocessing steps (level 3/4), but they car
work with lower level data.

Colocated data for a specific area, with
surfacebased data products as well
Cleaned, validated data set with preprocess
steps available before download.

Means to access data quickly, such as API, or

stream selected data to users via ma . . . . .
P Solar site service provider®nd to use level 2/3 data in their

selections .
models.Solar plant operatorgprefer gridded data sources
Easier way to align grids from different data (levels 3/4) P P ¥ g

sets
NetCDF, GRIB2 are common formats
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ACCP privateector engagement should start with
understanding data needs and partnering with
professional organizations.

Focus group participants across all user communities consistently demonstrated interest in engaging with
NASA and were eager to address key industry needs. Users offered a variety of potential engagement
methods, which differ in levels of effort for both ACCP and industry collaborators.

ACCP could leverage privéitsS Ot 2 NJ aiF {1 SK2tft RSN& |
provide consistent feedback on data product application and value across
user communities.

b! {! O2dzZ R tSlIy 2y AGAYRdzZAGNE | ROA&a2NRER: G2 KSt LI A
value data products. Offering these users a seat at the table could consistently bring in the voice of different
customers as data products are developed.

4 — P A 4 . - i 4 A 7 4 I L. 4 . R
“erizR nftf(‘t}nsir “ﬁt O2ttro2hL by PAVE Bol{balfiroang as
provide conte airqua y. determine the value of certain data
meas,urerpents angl aApprc.){prlatAenesvs Or.lf sets and their applicability to our
“ee quniordszgeﬁtist LIJEan/irSonmI(:;nlt.alu l. ®€Y|I NJ, Sia A y Of dzRA y3| F 3NR Oc

< . ' L ¢Senior Vice President, Weather Insights

Consulting Company Monitoring Compan

Air Quality pany

ACCP could tap into existing professional industry networks and research
organizations to understand needs and communicate data product value.

Plugging into professional networks can help NASA directly engage with data users; gauge their level of
knowledge and interest in data products; and, ultimately, disseminate data products. Many technology
focused groups, such as Airlines for America, value continuous improvement and often include potential
early adopters.

GLG YAIKG 08 3IzdR{02 O2dA R € SHSHOSe INBdLa A
are fine, working

partner with A4A and focus groups, industry
allow for a broaebased meetings, and groups on data
. : standards/
approach so that we conversations with : |
can agree as an users to keep their docurnt;ntaﬂon ﬂr? aiso
industry or argue the finger on the pulse and go_orc]i, they can help
case for specific understand potential [W.'t ] connecting
RANBOGAZYya®: ySSRa IyR Ol f dz£ré§%ﬁe company needs
T Meteorologist, Major T Meteorologist, Major B AUK Lszo_f A Qe
Airline Carrier Logistics Firm T Data Scientist,

Agricultural Platform
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Strategic engagement can help ACCP convey value to
nontraditional user communities and drive R&D with

societal impact.

ACCP could create edsyinterpret products and training opportunities
that could help users understand the potential value of NASA data.
Usercentered training modules and gridded, processed data products can help users understand how ACCP

data could affect them. Targeting marketing and training toward less sophisticated users could help expand tt
use of NASA EO data and improve discoverability of these data sources by more sophisticated users.

628 O2dA R 02t ¢ HHNiAYeE carKS K NR

with NASA to help
growers understand
weather and climate
impacts through use of
b! {! RIFGF ®¢

T Scientist, Agricultural
Platform Company

science more
approachable for public
consumption and use in
improving [the] public's
quality of life is key to
future success of
LINE 3 NI Ya ®d¢
T Commodity and Risk
Management Execultive,
Ingredient Company

G¢KAY]l fTA1S Yy
entrepreneut show

value, explain access,

OFasS &a0GdzRASAE dE

T Commodity and Risk
Management Executive,
Ingredient Company

NASA could engage with industry data users via R&D partnerships that m
ultimately lead to development of operational data products that address
community needs.

R&D projects executed by the user community, in conjunction with NASA support and data resources, could
help create products that solve current gaps. The solar energy user community demonstrated significant
interest in grounetruthing and forecast improvements.

G2 o20NgQRs Al S G2 Ot
by helping ground truth
satellite models (now!)
and improve the
geographic granularity
of irradiance forecasts
602yS G2 G2 &St

, . . . ALOR f A1.8.
GaLOR tA1S 02 O2\NaAfiddidvelim
by vertically data quality and make

partitioning aerosol it friendly for data
and cloud optical depth analytics, and to

to improve cloud . Jimprove the quality of

~ z, A = 7

FRASOUAZ2Y F2NBQsiBridaptRelite

images (for selected

areas) through

O2Y LI NI GA @GS aii dzR AT g Tgpance Data

1 Data Scientist, Weather Analyst, Solar Energy
Insights Company Operator

T Consultant, Solar
Power Plant Siting

117



Ij—_RTI Innovation Advisors

Industry partners could serve as connectors to amplify
the impact of ACCP data products.

ACCP could leverage innovation ecosystem stakeholders supported by
corporate initiatives, such as incubators and hackathon communities.

Companies often support entrepreneurship communities to keep their finger on the pulse of innovative data
uses. These stakeholders often rely on freely available data sources and may serve as a channel to
understand the value and applications of these data products to certain communities.

GLOQR tA1S G2 O2fftlFo2NI (S
GLUR fA1S G2 O2ftf | 02 Nielh) ®&mmekcialize oplbok at i 2
extend the community of practice to funding/subscription/interest for
SYUNBLNBYSdzZNB | YR Ay yfetu@d appicatiridevelopment
connect science with real market
Yy SSR®E
T Lead, Agricultural Insights Platform T Commodity and Risk Management
Executive, Ingredient Company
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ACCP users want to collaborate with NASA; some are
ONAIKU | YR -t&lis enBagement. 2 NJ Yy S

A The solar energy user community demonstrated a readiness

for collaboration, and almost every engagement suggestion gL ¢ g2dZA R 68 ARSI f i

was an R&D project opportunity. Validating satellite data, with National Institute of

improving soiling and solar irradiance models, and enhancing gnyironmental Health Sciences

granularity of forecasts were noted as major opportunities (NIEHS) on encouraging use of NASA

for collaboration. Engagement in the next 5 years aligns well - gata sources in proposed research.

with the developing solar and solar plus storage market. You might be surprised how much of
GKA& KIFLIWSya (§KNRdAAF

A Because the health community requires additional researcr Y . AR
O2YYAU 02 &dzOK LINR3AN

to understand the impacts of specific aerosol species and
health outcomes, their engagement strategies mostly
centered around engagement with federal environmental
health agencies.

T Environmental Health Expert

A The aviation community, while equipped with the technical
capabilities and professional organizations to facilitate
collaboration, is currently limited by tight budgets as a result 5 Vi SNB&R2LY SWED NFAE |
of the COVIEL9 pandemic. These users have much in dependent on financial stability of the
common with users in aipased logistics firms, who might airline. We have ZERO resources

have more bandwidth and resources to collaborate sooner. currently to commit to such

A The food and datalriven agriculture communities, eager to ~ LINE I NJ Y & @€
incorporate new data sources, can leverage a world of

agritech entrepreneurship and food security innovations. T Meteorologist, Major Airline Carrier

Valueadded service providers and intermediaries serve as the
highest potential engagement partners for ACCP.

A Although highmaturity users, such as airline and-haised logistics meteorologists, and solar power
service providers can easily create meaning out of level 1 to 2 data, they often rely oradde service
providers to integrate many disparate sources and develop insights that are easily incorporated into
community-specific solutions.

A Many valueadded service providers serve multiple industry types and are acutely aware of their needs.
Engagement via valugdded service providers could amplify the use and impact of ACCP data products.
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